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IMAGE FORMING METHOD AND IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an image forming 
method and image forming apparatus for correcting variations 
of the recording characteristics of each recording element of 
an array-shaped print head comprising a plurality of 
recording elements placed in an array, and for recording 
images . 

The current spread of digital cameras has created a 
strong demand for further improvements in the printing 
capacity, image quality and other performances of a digital 
Minilab as a digital output apparatus. In particular, there 
is an active demand for large-format printing, and efforts 
are being made to develop an exposure engine using a print 
head comprising a plurality of recording elements placed in 
an array. 
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Generally, the light emitting recording element 
constituting the array-shaped print head has a variation of 
about 20 to 40% in individual light emitting characteristics. 

If the correction of this variation is insufficient, 
the variation will be recorded as unevenness of density in 
the phase of printing. When the photograph and others are 
reproduced in a continuous gradation, the variation must be 
reduced to 2% or less, preferably to 1% or less. 

One of the proposed methods for the aforementioned 
correction is the technique wherein the data on amount of 
light is obtained for each recording element while a 
plurality of recording elements are driven, and the 
correction value for the amount of exposure for each 
recording element is worked out based on the data on the 
amount of light. (See Patent Document 1, for example). 
Further, in order to identify the position of each recording 
element, another method uses a technique of measuring the 
density of the image recorded with an interval of at least 
one recording element provided in the direction where 
recording elements are arranged, thereby getting the amount 
of correction of the recording characteristics. (See Patent 
Document 2, for example) . 
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To get a high-quality output image, each balance of RGB 
colors as fundamental colors must be adjusted* This 
adjustment further requires adjustment of the amount of light 
emitted from the print head where recording elements are 
placed in an array. The art for this adjustment is disclosed 
in Patent Document 3. 

To get a high-quality output image, the following 
preliminary adjustment steps are essentially typically in the 
morning, prior to full-scale operation of a digital Minilab: 
These are the step of adjusting the light amount correction 
coefficient of each recording element, thereby reducing the 
variation (correction of unevenness of density) and the step 
of controlling the amount of exposure, thereby adjusting the 
color balance (setup) . 

[Patent Document 1] 

Tokkaihei 08-230235 (Japanese Application Patent Laid- 
open Publication) 

[Patent Document 2] 

Tokkaihei 10-811 (Japanese Application Patent Laid-open 
Publication) 

[Patent Document 3] 

Tokkaihei 10-75377 (Japanese Application Patent Laid- 
open Publication) 
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In the aforementioned correction methods, however, 
correction is made separately for each print head, based on 
the image outputted in a single color of RGB 

(Red/Green/Blue) . According to these methods, unevenness in 
independent density of each color can be reduced. However, 
in an image formed by superimposition of three RGB colors, 
for example, in a filled-in chart of gray color, unevenness 
of density are not completely removed. In particular, 
unevenness of density in low-frequency component are 
conspicuous . 

The term "fill-in" image in the above description 
refers to the image where recording is provided by all the 
recording elements of the portion constituting the image. 
The fill-in image of a varying degree of density can be 
achieved by adjusting the amount of exposure of the recording 
element. Further, the low-frequency component of an image 
refers to a component exhibiting a gradual change in signal 
intensity such a cheek. The high-required component is a 
component representing the fine structure of a hair and 
eyelash, for example. The unevenness of density of the low- 
frequency component refer to the unevenness of density that 
exhibits gradual change over a wider range. 
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The image outputted actually contains a smaller portion 
of monochromatic configuration. It is typically composed of 
three GRB colors such as gray. Thus, the aforementioned 
correction art has been insufficient. 

Normally, when the image to be corrected is scanned, an 
image reading device such as a flat bed scanner is used for 
scanning. If a combination among the form of the light 
source of an image reading device, image set position and 
direction is insufficient, the state of light applied on the 
edge of paper becomes different from that in other portions, 
and stray light, flare or shade is formed, with the result 
that stable scanning of the image on the edge portion cannot 
be ensured in some cases. When correction is made separately 
for each single color of RGB as in the prior art correction 
method, disturbance will occur to the image on the edge 
portion in some cases. This has created a problem in the 
prior art. 

In the prior art correction technique, furthermore, 
correction is made separately for each single color of RGB; 
therefore, a greater paper loss and longer correction time 
are required due to a greater size of the image to be 
corrected and a great number of image sheets. 
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According to the aforementioned prior art correction 
method, to achieve high-precision correction, the image must 
be accurately set with respect to the position of the light 
receiving device of the image reading device when measuring 
the density of the image to be corrected. Thus, it has been 
very difficult to correct the variation of recording elements 
to a high precision. Furthermore, a long array-shaped print 
head suitable for a large-format print contains a great 
number of recording elements, and requires a long time in the 
calculation for correction. 

Correction of the recording elements of the array- 
shaped print head is often carried out prior to the start of 
printing, and output of the image for correction is given in 
the initial phase of the daily work, as the first printing of 
the day in many cases. Since the machine out of use 
overnight is operated, the image for correction is 
susceptible to the dust and soil deposited in the transfer 
portion of the photosensitive material. The oxides (tar and 
silver sulfide) of processing solution remaining since the 
end of work on the previous day are deposited onto the guide 
apparatus located between the processing tanks of a 
development section, with the result that the image is 
contaminated in some cases. Thus, the prior art correction 
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method has a problem in that accuracy of correction will be 
reduced by the aforementioned dust, soil and dirt of the 
photosensitive material. 

When the image to be corrected is scanned, an image 
reading device such as a flat bed scanner is used for 
scanning. If a combination among the form of the light 
source of an image reading device, image set position and 
direction is insufficient, and the state of light applied on 
the edge of paper becomes different from that in other 
portions. Thus, stray light, flare or shade is formed, with 
the result that stable scanning of the image on the edge 
portion cannot be ensured in some cases. Due to evaluation 
error on the edge portion, misalignment occurs to the 
position of the pixel on the correction image and the 
position of the recording element of the print head. Thus, 
the prior art correction method has a problem in that the 
result of correction of a different pixel is reflected and 
the result of proper correction is not fed back. In this 
case, unevenness of density cannot be reduced on the output 
image, despite repeated corrective operations. 

Use of the aforementioned prior art method can improve 
the unevenness of density and allows the setup operation to 
be performed. However, if the aforementioned prior art 
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method alone is used, two steps of correction of unevenness 
of density and setup operation must be performed separately. 

Further, since correction of unevenness of density is 
often accomplished by adjusting the amount of light emitted 
from the light emitting device, a subtle change in color 
balance will occur subsequent to correction of the unevenness 
of density. To solve this problem, setup operation must be 
made without fail, subsequent to correction of unevenness of 
density. 

However, the aforementioned two steps are carried out 
normally by repeated feedback of the information on density 
obtained from the output image. This requires the steps of 

(1) image outputting for correction of unevenness of density, 

(2) calculation for correction of unevenness of density, (3) 
feedback of the correction calculation, (4) image outputting 
for setup operation, (5) setup calculation and (6) feedback 
of setup calculation. These steps requires a lot of time in 
the preparation work to be done prior to starting the full- 
scale operation of the image forming apparatus such as a 
digital Mini-lab. 

If unevenness of density have occurred in the image 
forming apparatus such as a digital Minilab during the 
operation for some reason, the setup operation as well as the 
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correction of unevenness of density must be performed again. 
Thus, the images of the digital Minilab cannot be outputted 
for a long period of time. In many of the current Minilab 
shop, short-time finishing is one of the major sale tactics. 
Under such conditions, production efficiency will be reduced 
and the commitment with the customer in respect of delivery 
time cannot be fulfilled, with the result that Minilab 
confidence may be deteriorated. 

In the meantime, the density for setup operation is the 
density that is frequently used in the actual image output. 
In the frequently used density area, correction of unevenness 
of density is preferred, and it is more preferred that 
correction of unevenness of density be carried out subsequent 
to setup operation. Thus, repetition of the aforementioned 
two steps will continue and the time of terminating the 
preliminary work will become indefinite. In recent years, 
there has been a tendency of operations being done by less 
experienced persons such as part-timers in a Minilab. To 
ensure high-quality output images, these people are required 
to evaluate if the preliminary work has been completed or 
not. This is very difficult, however. 

Solutions to these problems cannot be provided by the 
aforementioned prior art method alone. When consideration is 
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given to situations in a Minilab shop in recent years, the 
prior art alone fails to provide a digital Minilab that can 
be put into commercial use. 

SUMMARY OF THE INVENTION 

To overcome the abovementioned drawbacks in 
conventional image-recording apparatus, it is a first object 
of the present invention to provide an image forming method 
and image forming apparatus capable of effectively reducing 
unevenness of density. 

Further, it is a second object of the present invention 
to provide an image forming method and image forming 
apparatus capable of accurate and quick correction of the 
variation of the recording element in an array-shaped print 
head and effective reduction of unevenness of density. 

Still further, it is a third object of the present 
invention to provide an image forming method and image 
forming apparatus capable of completing the preparatory work 
prior to the full-scale operation, and permitting 
satisfactory correction of unevenness of density. 

Accordingly, to overcome the cited shortcomings, the 
abovementioned object of the present invention can be 
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attained by image forming methods and apparatus described as 
follow. 

(1) A method for forming an image by employing a print head 
in which a plurality of recording elements are arranged in an 
array line, comprising the steps of: recording a correction 
image onto a photosensitive material by means of the print 
head; acquiring readout information read from the correction 
image by means of an image-reading device; finding correction 
amounts of recording characteristics, each of which 
corresponds to each of the plurality of recording elements, 
from the readout information acquired in the acquiring step; 
and forming the image by employing the print head in which 
the recording characteristics of the plurality of recording 
elements are compensated for, according to the correction 
amounts found in the finding step; wherein the correction 
image includes such an image area in which at least two 
different color dyes are mixed with each other. 

(2) The method of item 1, wherein the print head is capable 
of emitting plural lights or includes plural element heads 
for emitting plural lights; and wherein the correction image 
includes such an image that is recorded on the photosensitive 
material by irradiating the plural lights onto a same place 
of the photosensitive material in an overlapped state. 
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(3) The method of item 1, wherein the correction image 
includes the image area in which at least two of a yellow 
color dye, a magenta color dye and a cyan color dye are mixed 
with each other. 

(4) The method of item 1, wherein the correction image 
includes the image area in which Red-density Rd, Green- 
density Gd and Blue-density Bd fulfill the following 
relationship . 

0.3 ^ Rd < 1.5, 0.2 £ Gd £ 1.5 and 1.15 < Bd < 1.5 

(5) The method of item 1, wherein the correction amounts are 
found by applying a color conversion processing to the 
readout information acquired by reading the correction image 
in the acquiring step. 

(6) The method of item 5, wherein, when the readout 
information, acquired in the acquiring step, represent 
integrated densities, analyzed densities are derived from the 
integrated densities in the color conversion processing. 

(7) The method of item 5, wherein a linear-converting 
equation is employed for the color conversion processing. 

(8) The method of item 1, wherein the correction image is 
recorded onto the photosensitive material after a setup 
operation for color balance is completed. 
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(9) The method of item 1, wherein the print head is capable 
of emitting plural lights or includes plural element heads 
for emitting plural lights; and wherein an image area, which 
is included in the correction image and from which the 
readout information are acquired, is constituted by plural 
images recorded by irradiating the plural lights onto the 
photosensitive material in a state that the plural images 
overlap with each other. 

(10) The method of item 1, wherein the photosensitive 
material, on which the correction image is recorded, is fixed 
onto the image-reading device by means of a pushing member. 

(11) The method of item 1, wherein a nominal number of 
recorded lines to be recorded onto the correction image is in 
a range of 50-1000. 

(12) The method of item 11, wherein an actual number of 
recorded lines utilized for acquiring the readout information 
is more than 10% of the nominal number of recorded lines. 

(13) The method of item 1, wherein the photosensitive 
material is a silver-halide photosensitive material. 

(14) The method of item 1, wherein the photosensitive 
material has a reflective substrate layer. 
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(15) The method of item 1, wherein density of the correction 
image is set at a point on a liner region of characteristic 
curve of the photosensitive material. 

(16) The method of item 1, wherein the correction image 
includes position-determining markers, each corresponding to 
each position of the plurality of recording elements, so as 
to recognize each of the plurality of recording elements. 

(17) An apparatus for forming an image, comprising: a print 
head in which a plurality of recording elements are arranged 
in an array line, the print head being utilized for recording 
a correction image onto a photosensitive material; an image- 
reading device to acquire readout information by reading the 
correction image; a correction amount finding section to find 
correction amounts of recording characteristics, each of 
which corresponds to each of the plurality of recording 
elements, from the readout information acquired by the image- 
reading device; an image forming section to form the image by 
employing the print head in which the recording 
characteristics of the plurality of recording elements are 
compensated for, according to the correction amounts found by 
the correction amount finding section; and a controlling 
section to control the print head so as to records the 
correction image onto the photosensitive material; wherein 
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the correction image includes such an image area in which at 
least two different color dyes are mixed with each other. 

(18) The apparatus of item 17, wherein the print head is 
capable of emitting plural lights or includes plural element 
heads for emitting plural lights; and wherein the correction 
image includes such an image that is recorded on the 
photosensitive material by irradiating the plural lights onto 
a same place of the photosensitive material in an overlapped 
state . 

(19) The apparatus of item 17, wherein the correction image 
includes the image area in which at least two of a yellow 
color dye, a magenta color dye and a cyan color dye are mixed 
with each other. 

(20) The apparatus of item 17, wherein the correction image 
includes the image area in which Red-density Rd, Green- 
density Gd and Blue-density Bd fulfill the following 
relationship. 

0.3 < Rd < 1.5, 0.2 £ Gd < 1.5 and 0.15 < Bd ^ 1.5 

(21) A method for forming an image by employing a print head 
in which a plurality of recording elements are arranged in a 
first array line, comprising the steps of: recording a 
correction image onto a photosensitive material by means of 
the print head; acquiring readout information read from the 
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correction image by an image-receiving head in which a 
plurality of photo-receiving elements are arranged in a 
second array line and which is equipped in an image-reading 
device; finding correction amounts of recording 
characteristics, each of which corresponds to each of the 
plurality of recording elements, from the readout information 
acquired in the acquiring step; and forming the image by 
employing the print head in which the recording 
characteristics of the plurality of recording elements are 
compensated for, according to the correction amounts found in 
the finding step; wherein a direction of the first array line 
coincides with that of the second array line. 

(22) The method of item 21, wherein a calibrating operation 
is applied to each of the plurality of photo-receiving 
elements . 

(23) The method of item 22, wherein a part of the correction 
image is employed for the calibrating operation. 

(24) The method of item 23, wherein density of a calibration 
image employed for the calibrating operation is set at a 
point on a non-liner region of characteristic curve of the 
photosensitive material. 

(25) The method of item 23, wherein a non-exposed part of the 
correction image is employed for the calibrating operation. 
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(26) A method for forming an image by employing a print head 
in which a plurality of recording elements are arranged in an 
array line, comprising the steps of: recording a correction 
image onto a photosensitive material by means of the print 
head; acquiring readout information read from the correction 
image by an image-receiving head in which a plurality of 
photo-receiving elements are arranged in an array line and 
which is equipped in an image-reading device; finding 
correction amounts of recording characteristics, each of 
which corresponds to each of the plurality of recording 
elements, from the readout information acquired in the 
acquiring step; and forming the image by employing the print 
head in which the recording characteristics of the plurality 
of recording elements are compensated for, according to the 
correction amounts found in the finding step; wherein the 
readout information are specified corresponding to each of 
the plurality of recording elements by applying a rotation 
processing to the readout information. 

(27) The method of item 26, wherein the correction image 
includes an inclination-determining marker; and wherein the 
inclination-determining marker is employed for determining an 
inclination of the correction image so as to apply the 
rotation processing to the readout information. 
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(28) A method for forming an image by employing a print head 
in which a plurality of recording elements are arranged in an 
array line, comprising the steps of: recording a correction 
image with a plurality of recoded lines recoded by the print 
head onto a photosensitive material moving relative to the 
plurality of recording elements; acquiring a plurality of 
readout information sets, each corresponding to each of the 
plurality of recording elements, read from the correction 
image by means of an image-reading device; finding correction 
amounts of recording characteristics, each of which 
corresponds to each of the plurality of recording elements, 
from the plurality of readout information sets; and forming 
the image by employing the print head in which the recording 
characteristics of the plurality of recording elements are 
compensated for, according to the correction amounts found in 
the finding step; wherein a selection processing is applied 
to the plurality of readout information sets, so that the 
correction amounts of the recording characteristics are 
found, based on selected readout information sets. 

(29) The method of item 28, wherein the selection processing 
is conducted, based on a scale of the plurality of readout 
information sets. 
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(30) The method of item 29, wherein the selection processing 
employs less than 95% of the plurality of readout information 
sets . 

(31) The method of item 28, wherein the selection processing 
repeats to extract a maximum value and/or a minimum value of 
the plurality of readout information sets until 3o reaches to 
a value equal to or smaller than O.lp, where "a" and are 
defined as a standard deviation and an average value of the 
selected readout information sets, respectively. 

(32) The method of item 28, wherein the photosensitive 
material, on which the correction image is recorded, is fixed 
onto the image-reading device by means of a pushing member. 

(33) The method of item 28, wherein a nominal number of the 
recorded lines to be recorded onto the correction image is in 
a range of 50-1000. 

(34) The method of item 33, wherein an actual number of the 
recorded lines utilized for acquiring the readout information 
is more than 10% of the nominal number of the recorded lines. 

(35) The method of item 28, wherein the photosensitive 
material is a silver-halide photosensitive material. 

(36) The method of item 28, wherein the photosensitive 
material has a reflective substrate layer. 
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(37) An apparatus for forming an image, comprising: a print 
head in which a plurality of recording elements are arranged 
in a first array line, the print head being utilized for 
recording a correction image onto a photosensitive material; 
an image-reading device provided with an image-receiving head 
in which a plurality of photo-receiving elements are arranged 
in a second array line, the image-receiving head being 
utilized for reading the correction image printed by the 
print head, so as to acquire readout information; a 
correction amount finding section to find correction amounts 
of recording characteristics, each of which corresponds to 
each of the plurality of recording elements, from the readout 
information acquired by the image-reading device; and wherein 
a direction of the first array line coincides with that of 
the second array line. 

(38) An apparatus for forming an image, comprising: a print 
head in which a plurality of recording elements are arranged 
in an array line, the print head being utilized for recording 
a correction image onto a photosensitive material; an image- 
reading device provided with an image-receiving head in which 
a plurality of photo-receiving elements are arranged in an 
array line, the image-receiving head being utilized for 
reading the correction image printed by the print head, so as 
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to acquire readout information; a correction amount finding 
section to find correction amounts of recording 
characteristics, each of which corresponds to each of the 
plurality of recording elements, from the readout information 
acquired by the image-reading device; and wherein the 
correction amount finding section applies a rotation 
processing to the readout information so as to specify the 
readout information corresponding to each of the plurality of 
recording elements . 

(39) An apparatus for forming an image, comprising: a print 
head in which a plurality of recording elements are arranged 
in an array line, the print head being utilized for recording 
a correction image constituted with a plurality of recoded 
lines onto a photosensitive material; an image-reading device 
to acquire a plurality of readout information sets, each 
corresponding to each of the plurality of recording elements, 
by reading the correction image; and a correction amount 
finding section to find correction amounts of recording 
characteristics, each corresponding to each of the plurality 
of recording elements, from the plurality of readout 
information sets; wherein the correction amount finding 
section applies a selection processing to the plurality of 
readout information sets, so that the correction amounts of 
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the recording characteristics are found, based on selected 
readout information sets. 

(40) An apparatus for forming an image, comprising: a print 
head in which a plurality of recording elements are arranged 
in an array line, each of the plurality of recording elements 
being individually operated in response to each of a 
plurality of light-amount correction coefficients, and the 
print head being utilized for recording a correction image 
onto a photosensitive material; an image-reading device to 
acquire readout information by reading the correction image 
recorded on the photosensitive material by the print head; 
and a correction-processing section to find correction 
amounts of recording characteristics, each corresponding to 
each of the plurality of recording elements, from the readout 
information by controlling the print head and the image- 
reading device, in order to revise each of the plurality of 
light-amount correction coefficients according to each of the 
correction amounts of the recording characteristics; wherein 
the image is formed by operating the plurality of recording 
elements included in the print head, based on the plurality 
of light-amount correction coefficients revised by the 
correction-processing section; and wherein exposure-amount 
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information are acquired, based on the readout information 
acquired from the correction image. 

(41) The apparatus of item 40, wherein a statistic in regard 
to the readout information is calculated, so as to acquire 
the exposure-amount information by employing the statistic. 

(42) The apparatus of item 40, wherein the light-amount 
correction coefficients or the exposure-amount information is 
employed for recording the image onto the photosensitive 
material, independently relative to each other. 

(43) The apparatus of item 40, wherein a value, indicated by 
the readout information acquired from the correction image, 
is set at a point on a liner region of characteristic curve 
of the photosensitive material. 

(44) The apparatus of item 40, wherein a plurality of 
correction images are recorded onto a plurality of recording 
regions whose locations are different relative to each other, 
and then, a plurality of readout information sets are 
acquired from the plurality of correction images, so that the 
exposure-amount information are acquired, based on each of 
the plurality of readout information sets. 

(45) The apparatus of item 44, wherein densities of the 
plurality of correction images are different relative to each 
other . 
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(46) The apparatus of item 40, wherein the image-reading 
device is provided with a pushing member for fixing the 
photosensitive material, on which the correction image is 
recorded, onto the image-reading device. 

(47) The apparatus of item 40, wherein the photosensitive 
material is a silver-halide photosensitive material. 

(48) The apparatus of item 40, wherein the photosensitive 
material has a reflective substrate layer. 

(49) The apparatus of item 40, wherein a nominal number of 
recorded lines to be recorded onto the correction image is in 
a range of 50-1000. 

(50) The apparatus of item 49, wherein an actual number of 
recorded lines utilized for acquiring the readout information 
is more than 10% of the nominal number of recorded lines. 

(51) The apparatus of item 49, wherein the light-amount 
correction coefficients is adjusted according to the 
correction amounts of the recording characteristics, while an 
output-value conversion LUT is adjusted according to the 
exposure-amount information, where "LUT" stands for "Look Up 
Table". 

(52) A method for forming an image by employing a print head 
in which a plurality of recording elements are arranged in an 
array line, each of the plurality of recording elements being 
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individually operated in response to each of a plurality of 
light-amount correction coefficients, the method comprising 
the steps of: recording a correction image onto a 
photosensitive material by means of the print head; acquiring 
readout information read from the correction image by means 
of an image-reading device; finding correction amounts of 
recording characteristics, each of which corresponds to each 
of the plurality of recording elements, from the readout 
information acquired in the acquiring step; revising each of 
the plurality of light-amount correction coefficients 
according to each of the correction amounts found in the 
finding step; and forming the image by operating the 
plurality of recording elements included in the print head, 
based on the plurality of light-amount correction 
coefficients revised in the revising step; wherein exposure- 
amount information are acquired, based on the readout 
information acquired from the correction image. 

Further, to overcome the abovementioned problems, other 
image-forming methods and apparatus, embodied in the present 
invention, will be described as follow: 
(53) An image-forming method, characterized in that, 

in the image-forming method, in which a correction 
image is recorded onto a photosensitive material by employing 
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a plurality of print heads in each of which a plurality of 
recording elements are arranged in an array line, and 
correction amounts of recording characteristics of the 
plurality of recording elements are found by acquiring 
readout information read from the correction image by means 
of an image-reading device, and an image is recorded by 
employing the correction amounts, 

the correction image is such an image that is recorded 
at a same place by the plurality of print heads. 

"A plurality of print heads" in the sense in which it 
is used here refers to a plurality of print heads of 
different colors, as well as a plurality of print heads of 
the same color. It also refers to a plurality of print heads 
of fundamental colors of RGB. Further, a print head for 
recording on a recording material using a common print head 
by switching between the beams of light of multiple 
wavelengths such as multiple fundamental colors, for example, 
a PLZT shutter array printer head, is regarded as a plurality 
of print heads. 

The term of "readout information" in the present 
invention refers to the information representing the optical 
density read by a given density measuring device or image 
reading device, or numerical information calculated based on 
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the optical density. It can be information on optical 
density itself, reflection factor, transmittance or light 
absorption coefficient. Alternatively, it can be a function 
value corresponding to these in a one-to-one relation, for 
example, a logarithmic value or a statistical amount such as 
an average value thereof. Further, when an image is scanned 
by an image reading device such as a flat bed scanner, it can 
be a signal value measured by the image reading device, a 
function value corresponding to this signal value in a one- 
to-one relation, for example, a logarithmic value, or a 
relative value thereof. 

The term of "correction amounts" refers to the 
coefficient for adjusting the amount of exposure of each 
recording element in such a way that each recording element 
of an array-shaped print head can record on a photosensitive 
material at a uniform amount of exposure. 

According to the invention recited in item 53, since 
the influence of unevenness of density of other color are 
contained in the readout information of each fundamental 
color read out of the correction image, unevenness of 
density, especially unevenness of density of low-frequency 
component, can be reduced with high efficiency. 
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Further, edges are formed by fundamental colors at the 
same time, so evaluation of stable edges is ensured. When 
correction of fundamental colors is made using separate 
colors, there may be concern about the evaluation of the edge 
position differing according to the color. Simultaneous 
correction of three colors reduces the possibility of an 
evaluation error. 

A correction image can be reduced in size as compared 
to the case of creating a correction image for each 
fundamental color. At the time of correction, the scanning 
range can be reduced, with the result that the time of 
calculation for correction is shortened. Moreover, a reduced 
paper loss and improved productivity are ensured. 

When the readout information of correction image is 
obtained by using an image reading device, it is preferred 
that the correction image be read at a resolution higher than 
that in recording onto the photosensitive material using an 
array-shaped print head. It is also preferred that the image 
reading device should have a line-like CCD, and an image 
should be read by the scanning of the line-like CCD. 
Preferred examples of such a device include a flat bed 
scanner, drum scanner and other various scanners. 
(54) An image-forming method, characterized in that, 
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in the image- forming method, in which a correction 
image is recorded onto a photosensitive material by employing 
a plurality of print heads in each of which a plurality of 
recording elements are arranged in an array line, and 
correction amounts of recording characteristics of the 
plurality of recording elements are found by acquiring 
readout information read from the correction image by means 
of an image-reading device, and an image is recorded by 
employing the correction amounts, 

the correction image is such an image in which at least 
two of a yellow color dye, a magenta color dye and a cyan 
color dye are mixed with each other. 

According to the invention recited in item 54, since 
the influence of unevenness of density of other color are 
contained in the readout information of each fundamental 
color read out of the correction image, unevenness of 
density, especially unevenness of density at low- frequency 
component, can be reduced with high efficiency. 

Edges are formed by fundamental colors at the same 
time, the possibility of evaluation error is reduced, and 
evaluation of stable edges is ensured. 

A correction image can be reduced in size as compared 
to the case of creating a correction image for each 
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fundamental color. At the time of correction, the scanning 
range can be reduced, with the result that the time of 
calculation for correction is shortened. Moreover, a reduced 
paper loss and improved productivity are ensured. 
(55) An image-forming method, characterized in that, 

in the image-forming method, in which a correction 
image is recorded onto a photosensitive material by employing 
a plurality of print heads in each of which a plurality of 
recording elements are arranged in an array line, and 
correction amounts of recording characteristics of the 
plurality of recording elements are found by acquiring 
readout information read from the correction image by means 
of an image-reading device, and an image is recorded by 
employing the correction amounts, 

the correction image is such an image in which a R- 
density is in a range of 0.3-1.5, a G-density is in a range 
of 0.2-1.5 and a B-density is in a range of 0.15-1.5. 

R-density, G-density and B-density (hereinafter, also 
referred to as density R, density G and density B) in the 
sense in which it is used here refer to the density of red 
component, that of green and that of blue, respectively. 

According to the invention recited in item 55, it is 
possible to reduce the influence of the sub-absorption formed 
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by the color developing dye of the photosensitive material so 
as to avoid extremely high density with respect to other 
colors. It is also possible to remove the influence of color 
turbidity, with the result that the readout information 
acquired becomes more accurate and high-precision correction 
can be performed. 

In terms of red density, the range of density of the 
correction image should preferably be 0.3 or more, but not 
more than 1.5, more preferably 0.4 or more, but not more than 
1.0, and most preferably 0.5 or more, but not more than 0.7. 
While, in terms of green density, it should preferably be 0.2 
or more, but not more than 1.5, more preferably 0.3 or more, 
but not more than 0.8, and most preferably 0.4 or more, but 
not more than 0.6. Further, in terms of blue density, it 
should preferably be 0.15 or more, but not more than 1.5, 
more preferably 0.3 or more, but not more than 1.0, and most 
preferably 0.4 or more, but not more than 0.6. 
(56) The image-forming method, described in anyone of items 
1-3, characterized in that 

the correction amount of recording characteristic of 
each recording element is found by conducting a color 
conversion processing after acquiring the readout information 
of the correction image. 
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(57) The image- forming method, described in item 56, 
characterized in that, 

when the readout information are integrated densities, 
analyzed densities are calculated, based on the integrated 
densities, in the color conversion processing. 

The photosensitive material normally uses a dye to form 
an image. A considerable amount of other components is 
included due to the absorption curves of dyes overlapping 
with each other or absence of a sub-absorption band. Even if 
the unevenness of density of the main component color are 
satisfactory, correction to be fed back to the print head of 
other colors is made to the print head of the main component 
in some cases, when the unevenness of density of other colors 
are very poor. Thus, unevenness of density may occur as 
correction is applied, and there may be an increase in the 
number of corrections until there is no unevenness of 
density . 

According to the invention recited in items 56, 57, the 
influence of unevenness of density of other colors can be 
removed by conducting the color conversion, even if 
unevenness of density of other colors are very poor. This 
allows accurate high-precision correction to be realized. 
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Further, unevenness of density can be avoided by fewer 
corrections, even if unevenness of density have occurred. 

Color conversion in the sense in which it is used here 
refers to the act of extracting each of the RGB components 
based on the readout information obtained when the three RGB 
colors are mixed. Color conversion can be made by any 
method. It is preferred, however, that color conversion be 
carried out according to the following equation, where Rorg, 
Gorg and Borg denote density readings prior to color 
conversion, i.e. integral densities, and R f , G T and B f denote 
densities subsequent to color conversion, i.e. analyzed 
densities : 

R' = ar • (Rorg) br + cr • (Gorg) dr + er • (Borg) fr + gr 
G' = ag • (Rorg) bg + eg • (Gorg) dg + eg • (Borg) fg + gg 
B' = ab • (Rorg) bb + cb • (Gorg) db + eb • (Borg) fb + gb 

(1) 

Where, ab, br, ... gb denote constants. These 
constants can be changed in conformity to the recording 
conditions and development conditions of the photosensitive 
material and various conditions of the image reading device. 
(58) The image-forming method, described in item 56 or 57 
characterized in that, 
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a linear-converting equation is employed for the color 
conversion processing. 

According to the invention recited in items 58, the 
influence of unevenness of density of other colors can be 
removed by a relatively simple method, and quick and high- 
precision correction can be achieved. 

A linear conversion equation is the aforementioned 
conversion equation (1) where constants br, dr, fr, bg, dg, 
fg, bb, db and fb are "1". It is preferred that constant 
terms gr, gg and gb be "0", as in the following equation (2). 

R' = ar • Rorg + cr • Gorg + er • Borg 

G' = ag • Rorg + eg • Gorg + eg • Borg 

B' = ab • Rorg + cb • Gorg + eb • Borg 

(2) 

Both calculation times can be reduced and high- 
precision correction can be achieved by adjusting the 
constants are, cr, ... eb when the conversion equation is 
changed into a simpler one. 

(59) The image-forming method, described in anyone of items 
53-58 characterized in that 

the correction image is recorded after a setup 
operation for color balance is completed. 
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The color balance setup in the sense in which it is 
used here refers to the act of regulating the color balance 
between print heads by adjusting the average value of the 
amount of recording of the print head or the amount of 
exposure, to ensure that a desired density can be reached for 
the image data of each fundamental color. It is preferred 
that adjustment be done for each fundamental color. 

According to the invention recited in items 59, 
correction accuracy is further improved because the color 
balances of fundamental colors are matched, without influence 
of other colors. 

(60) The image-forming method, described in anyone of items 
53-58 characterized in that 

a part of the correction image, from which the readout 
information are acquired, is constituted in a state that the 
plural images, recorded onto the photosensitive material by 
the plurality of print heads, overlap with each other. 

The images in overlapping relation with each other 
refers to the cases where color developing areas for each dot 
formed of different print heads are in overlapping relation 
with each other. Fig. 14 shows an example where images 
recorded on a photosensitive material by a plurality of print 
heads overlap each other. It illustrates the overlapping 
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relation between color developing areas fl, f2, f3, f4, . . . 
by the print head F (not illustrated) and color developing 
areas gl, g2, . . . formed at 300 dpi by the print head G (not 
illustrated) . 

According to the invention recited in items 60, 
correction precision is improved because it is possible to 
reduce the variation of the readout information caused by the 
difference in the structure of images recorded on the 
photosensitive material by each print head. 

(61) The image-forming method, described in anyone of items 
53-60 characterized in that 

the photosensitive material is fixed onto the image-reading 
device by means of a pushing member. 

The pushing member in the sense in which it is used 
here refers to a member for pressing the correction image 
into position. It is preferred that this pushing member has 
an approximately uniform density like black, for example. It 
is also preferred that the pushing member be made of a soft 
material that can be bent easily, like rubber or sponge. 
Further, it is preferred to be of low static build-up, 
without easily allowing dust to deposit thereon. 

According to the invention recited in items 61, 
correction precision is improved by accurate evaluation of 
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the image edge. Further, the unevenness of density of low- 
frequency components can be reduced by preventing the 
correction image from becoming loose. 

(62) The image-forming method, described in anyone of items 
53-61 characterized in that 

a number of recorded lines to be recorded onto the 
correction image is in a range of 50-1000. 

According to the invention recited in item 62, the 
number of data items can be ensured and the average of the 
readout information data items can be stabilized by 
increasing the number of lines to 50 or more, whereby 
unevenness of density at high-frequency component can be 
reduced. If the number of data items is increased too much, 
the average of the readout information data will converge. 
Thus, the number of lines is kept below 1,000, thereby 
reducing the unused portion and calculation time. 

(63) The image-forming method, described in item 62, 
characterized in that 

more than 10% of the number of lines, recorded in the 
correction image, are utilized for acquiring the readout 
information . 

According to the invention recited in item 63, ten 
percent or more of the recorded number of lines are used for 
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getting readout information, whereby the size of the 
correction image can be reduced and hence miniaturization of 
the image reading device can be achieved. 

(64) The image-forming method, described in anyone of items 
53-63, characterized in that 

the photosensitive material is a silver-halide 
photosensitive material. 

According to the invention recited in item 64, 
unevenness of density are effectively reduced by use of a 
silver halide photosensitive material as a photosensitive 
material . 

(65) The image-forming method, described in anyone of items 
53-64, characterized in that 

the photosensitive material has a reflective substrate 

layer . 

According to the invention recited in item 65, 
unevenness of density is effectively reduced because the 
photosensitive material has a reflective substrate layer, 
serving as a reflection support. 

(66) The image-forming method, described in anyone of items 
53-65, characterized in that 
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density of the correction image is set at a point on a 
liner region of characteristic curve of the photosensitive 
material . 

Fig. 11 shows the characteristic curve of a 
photosensitive material. The logarithm for the amount of 
exposure is plotted on the horizontal axis, while the image 
density with respect to the amount of exposure is plotted on 
the vertical axis. The linear portion of the characteristic 
curve refers to the portion where the change of density 
(inclination of the graph) with respect to changes of the 
logarithm for the exposure as shown by (c) of Fig. 11 is 
constant . 

According to the invention recited in item 66, as 
compared with the case of correction made using the high- or 
low-density portion, correction precision can be improved 
because of the use of the portion with the gradation 
characteristics exhibiting a shift to hard gradation, i.e. 
the portion characterized by greater changes in image density 
than that in the amount of light. 

(67) The image-forming method, described in anyone of items 
53-66, characterized in that 

the correction image has position-determining markers 
for determining a corresponding recording element, and 
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the corresponding recording element is determined by 
means of the position-determining markers. 

To identify the position of each recording element of 
the print head in the correction image, recorded portions 
(marker steps) are provided in some cases at intervals of 
several pixels in the direction where recording elements are 
arranged, for example. However, even if the interval between 
recording elements can be identified, it is difficult to 
determine the recording element that corresponds to the 
marker recorded on an image, i.e. the absolute position of 
the marker. 

According to the invention recited in item 67, however, 
the position-determining markers (hereinafter, also referred 
to as positioning markers) are used to determine the 
corresponding recording element. This enables an accurate 
feedback to each recording element by the amount of 
correction obtained from the readout information obtained. 
(68) An image-forming apparatus, characterized in that, 

in the image-forming apparatus, which is provided with: 
a plurality of print heads in each of. which a plurality of 
recording elements are arranged in an array line and which 
are capable of recording a correction image onto a 
photosensitive material; an image-reading device for 
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acquiring readout information of the correction image; and a 
correction-processing section for finding correction amounts 
of recording characteristics of the plurality of recording 
elements, based on the readout information acquired, 

there is provided a controlling section for controlling 
the plurality of print heads so as to record the correction 
image at a same place. 

According to the invention recited in item 68, since 
the influence of unevenness of density of other color are 
contained in the readout information of each fundamental 
color read out of the correction image, unevenness of 
density, especially unevenness of density of low-frequency 
component, can be reduced with high efficiency. 

Further, since edges are formed by fundamental colors 
at the same time, a possibility of erroneous judgment reduces 
and evaluation of stable edges is ensured. 

Still further, a correction image can be reduced in 
size as compared to the case of creating a correction image 
for each fundamental color. At the time of correction, the 
scanning range can be reduced, with the result that the time 
of calculation for correction is shortened. Moreover, a 
reduced paper loss and improved productivity are ensured. 
(69) An image-forming apparatus, characterized in that, 
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in the image-forming apparatus, which is provided with: 
a plurality of print heads in each of which a plurality of 
recording elements are arranged in an array line and which 
are capable of recording a correction image onto a 
photosensitive material; an image-reading device for 
acquiring readout information of the correction image; and a 
correction-processing section for finding correction amounts 
of recording characteristics of the plurality of recording 
elements, based on the readout information acquired, 

there is provided a controlling section for controlling 
the plurality of print heads so as to record the correction 
image in which at least two of a yellow color dye, a magenta 
color dye and a cyan color dye are mixed with each other. 

According to the invention recited in item 69, since 
the influence of unevenness of density of other color are 
contained in the readout information of each fundamental 
color read out of the correction image, unevenness of 
density, especially unevenness of density at low-frequency 
component, can be reduced with high efficiency. 

Edges are formed by fundamental colors at the same 
time, the possibility of evaluation error is reduced, and 
evaluation of stable edges is ensured. 
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A correction image can be reduced in size as compared 
to the case of creating a correction image for each 
fundamental color. At the time of correction, the scanning 
range can be reduced, with the result that the time of 
calculation for correction is shortened. Moreover, a reduced 
paper loss and improved productivity are ensured. 
(70) An image-forming apparatus, characterized in that, 

in the image-forming apparatus, which is provided with: 
a plurality of print heads in each of which a plurality of 
recording elements are arranged in an array line and which 
are capable of recording a correction image onto a 
photosensitive material; an image-reading device for 
acquiring readout information of the correction image; and a 
correction-processing section for finding correction amounts 
of recording characteristics of the plurality of recording 
elements, based on the readout information acquired, 

there is provided a controlling section for controlling 
the plurality of print heads so as to record the correction 
image in which a R-density is in a range of 0.3-1.5, a G- 
density is in a range of 0.2-1.5 and a B-density is in a 
range of 0.15-1.5. 

According to the invention recited in item 70, it is 
possible to reduce the influence of the sub-absorption formed 
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by the color developing dye of the photosensitive material so 
as to avoid extremely high density with respect to other 
colors. It is also possible to remove the influence of color 
turbidity, with the result that the readout information 
acquired becomes more accurate and high-precision correction 
can be performed. 

(71) The image-forming apparatus, described in anyone of 
items 68-70, characterized in that 

the correction amount of recording characteristic of 
each recording element is found by conducting a color 
conversion processing after acquiring the readout information 
of the correction image. 

(72) The image-forming apparatus, described in item 56, 
characterized in that, 

when the readout information are integrated densities, 
analyzed densities are calculated, based on the integrated 
densities, in the color conversion processing. 

According to the invention recited in items 71, 72, the 
influence of unevenness of density of other colors can be 
removed by conducting the color conversion, even if 
unevenness of density of other colors are very poor. This 
allows accurate high-precision correction to be realized. 
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Further, unevenness of density can be avoided by fewer 
corrections, even if unevenness of density have occurred. 

(73) The image- forming apparatus, described in item 71 or 72 
characterized in that, 

a linear-converting equation is employed for the color 
conversion processing. 

According to the invention recited in items 73, the 
influence of unevenness of density of other colors can be 
removed by a relatively simple method, and quick and high- 
precision correction can be achieved. 

(74) The image-forming apparatus, described in anyone of 
items 68-73 characterized in that 

the correction image is recorded after a setup 
operation for color balance is completed. 

According to the invention recited in items 74, 
correction accuracy is further improved because the color 
balances of fundamental colors are matched, without influence 
of other colors. 

(75) The image-forming apparatus, described in anyone of 
items 68-74 characterized in that 

a part of the correction image, from which the readout 
information are acquired, is constituted in a state that the 
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plural images, recorded onto the photosensitive material by 
the plurality of print heads, overlap with each other. 

According to the invention recited in items 75, 
correction precision is improved because it is possible to 
reduce the variation of the readout information caused by the 
difference in the structure of images recorded on the 
photosensitive material by each print head. 

(76) The image-forming apparatus, described in anyone of 
items 68-75 characterized in that 

the photosensitive material is fixed onto the image- 
reading device by means of a pushing member. 

According to the invention recited in items 7 6, 
correction precision is improved by accurate evaluation of 
the image edge. Further, the unevenness of density of low- 
frequency components can be reduced by preventing the 
correction image from becoming loose. 

(77) The image-forming apparatus, described in anyone of 
items 68-76 characterized in that 

a number of recorded lines to be recorded onto the 
correction image is in a range of 50-1000. 

According to the invention recited in items 77, The 
number of data items can be ensured and the average of the 
readout information data items can be stabilized by 
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increasing the number of lines to 50 or more, whereby 
unevenness of density at high-frequency component can be 
reduced. If the number of data items is increased too much, 
the average of the readout information data will converge. 
Thus, the number of lines is kept below 1,000, thereby 
reducing the unused portion and calculation time. 

(78) The image-forming apparatus, described in item 77, 
characterized in that 

more than 10% of the number of lines, recorded in the 
correction image, are utilized for acquiring the readout 
information. 

According to the invention recited in item 78, ten 
percent or more of the recorded number of lines are used for 
getting readout information, whereby the size of the 
correction image can be reduced and hence miniaturization of 
the image reading device can be achieved. 

(79) The image-forming apparatus, described in anyone of 
items 68-78, characterized in that 

the photosensitive material is a silver-halide 
photosensitive material. 

According to the invention recited in item 79, 
unevenness of density are effectively reduced by use of a 
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silver halide photosensitive material as a photosensitive 
material . 

(80) The image-forming apparatus, described in anyone of 
items 68-79, characterized in that 

the photosensitive material has a reflective substrate 

layer. 

According to the invention recited in item 80, 
unevenness of density is effectively reduced because the 
photosensitive material has a reflective substrate layer, 
serving as a reflection support. 

(81) The image-forming apparatus, described in anyone of 
items 68-80, characterized in that 

density of the correction image is set at a point on a 
liner region of characteristic curve of the photosensitive 
material . 

According to the invention recited in item 81, as 
compared with the case of correction made using the high- or 
low-density portion, correction precision can be improved 
because of the use of the portion with the gradation 
characteristics exhibiting a shift to hard gradation, i.e. 
the portion characterized by greater changes in image density 
than that in the amount of light. 
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(82) The image- forming apparatus, described in anyone of 
items 68-81, characterized in that 

the correction image has position-determining markers 
for determining a corresponding recording element, and 

the corresponding recording element is determined by 
means of the position-determining markers. 

According to the invention recited in item 82, the 
position-determining markers are used to determine the 
corresponding recording element. This enables an accurate 
feedback to each recording element by the amount of 
correction obtained from the readout information obtained. 

(83) An image-forming method, characterized in that, 

in the image-forming method, in which a correction 
image is recorded onto a photosensitive material by employing 
a print head in which a plurality of recording elements are 
arranged in an array line, and readout information are 
acquired from the correction image by means of an image- 
reading device having an image-receiving head in which a 
plurality of photo-receiving elements are arranged in an 
array line, in order to find correction amounts of recording 
characteristics of the plurality of recording elements, and 
then, an image is recorded by employing the correction 
amounts, 
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an array direction of the plurality of recording 
elements of the print head and an array direction of the 
plurality of photo-receiving elements of the image-receiving 
head, in respect to the correction image, are in a same 
direction . 

The term of "readout information 7 ' in the present 
invention refers to the information representing the optical 
density read by a given density measuring device or image 
reading device, or numerical information calculated based on 
the optical density. It can be information on optical 
density itself, reflection factor, transmittance coefficient 
or light absorption coefficient. Alternatively, it can be a 
function value corresponding to these in a one-to-one 
relation, for example, a logarithmic value or a statistical 
amount such as an average value thereof. Further, when an 
image is read or measured by an image reading device such as 
a flat bed scanner, it can be a signal value measured by the 
image reading device, a function value corresponding to this 
signal value in a one-to-one relation, for example, a 
logarithmic value, or a relative value thereof. 

The term of "correction amounts' 7 refers to the 
coefficient for adjusting the amount of exposure of each 
recording element in such a way that each recording element 
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of an array-shaped print head can record on a photosensitive 
material at a uniform amount of exposure. 

The term of "same direction" refers to the direction in 
cases where the angle formed by the direction of arranged 
light recording elements of the print head and that of 
arranged receiving devices of the image receiving head is 
within ± 10 degrees. It is more preferred that this angle 
lie within ± 5 degrees, in the sense of improving the 
tolerance for the inclination of the corresponding image, and 
is most preferred that it be within ± 1 degree. 

According to the invention recited in item 83, the 
recording elements of the print head with respect to the 
correction image and the light receiving devices of the image 
receiving head are arranged in the same direction. Thus, the 
scanning range of the image reading device can be reduced by 
using a longer correction image in the direction where 
recording elements are arranged. Further, this improves the 
tolerance for the inclination of the correction image, and 
reduces the correction time, thereby ensuring high-precision 
correction of the variation of the recording element in a 
short time and effective reduction of unevenness of density. 
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When the readout information of correction image is 
obtained by using an image reading device, it is preferred 
that the correction image be read at a resolution higher than 
that for recording onto the photosensitive material using an 
array-shaped print head. A preferred image reading device 
having a light receiving head with light receiving devices 
placed in an array includes a flat bed scanner, drum scanner 
and other various scanners. 

(84) An image-forming method, characterized in that, 

in the image-forming method, in which a correction 
image is recorded onto a photosensitive material by employing 
a print head in which a plurality of recording elements are 
arranged in an array line, and readout information are 
acquired from the correction image by means of an image- 
reading device having an image-receiving head in which a 
plurality of photo-receiving elements are arranged in an 
array line, in order to find correction amounts of recording 
characteristics of the plurality of recording elements, and 
then, an image is recorded by employing the correction 
amounts, 

the readout information corresponding to each of the 
plurality of recording elements are specified by applying a 
rotation processing to the readout information. 
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According to the invention recited in item 84, rotation 
processing applied to the readout information, permits 
accurate identification of the readout information 
corresponding to each recording element and ensures improved 
high-precision correction of unevenness of density. 

(85) The image-forming method, described in item 84, 
characterized in that 

the correction image has an inclination-determining 
marker for determining an inclination of the correction 
image; and 

the inclination of the correction image is determined 
by means of the inclination-determining marker to apply the 
rotation processing to the readout information. 

According to the invention recited in item 85, the 
inclination of the correction image is evaluated using the 
inclination determining marker recorded on the correction 
image, thereby ensuring easy determination of the angle for 
rotation processing and improved high-precision correction of 
unevenness of density. 

(86) The image-forming method, described in anyone of items 
83-85, characterized in that, 

a calibrating operation of each of the plurality of 
photo-receiving elements is conducted. 
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Calibration of the light receiving device in the sense 
in which it is used here refers to the act of reducing the 
variation of light receiving sensitivity. 

Just as there is a variation in the amount of light 
emitted from each recording element of the array-shaped print 
head, so there is a slight variation in the light receiving 
sensitivity of the light receiving devices of the array- 
shaped print head of the image reading device. If the 
readout information of the correction image contains both the 
variation of the recording elements of the print head and 
that of the light receiving devices of the array-shaped print 
head, accuracy of feedback to the recording elements of the 
print head will be deteriorated. 

According to the invention recited in item 86, however, 
accuracy of feedback to the recording elements of the print 
head is improved by reducing the variation of the light 
receiving sensitivity of each light receiving device; hence 
unevenness of density of high-frequency components are 
reduced. 

In the image, the high-required component is a 
component representing the fine structure of a hair and 
eyelash, for example; whereas the low-frequency component of 
an image refers to a component exhibiting a gradual change in 
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signal intensity such a cheek. Unevenness of density of 
high-frequency component refers to the unevenness of density 
changing in a comparatively limited range; whereas unevenness 
of density of high-frequency component refers to the 
unevenness of density gradually changing in a comparatively 
wide range. 

(87) The image-forming method, described in item 86, 
characterized in that, 

the calibrating operation is conducted by employing a 
part of the correction image. 

According to the invention recited in item 87, the 
light receiving device can be calibrated in the same manner 
as when scanning the portion used for the calculation of 
correction. This allows correction of the variation of the 
recording elements of the print head, based on the 
identification of variations of the light receiving device, 
whereby high-precision correction is ensured. Further, the 
light receiving device can be calibrated by a shared use of 
the image reading device, without having to use another light 
measuring unit. This arrangement provides easy calibration. 

(88) The image-forming method, described in item 87, 
characterized in that, 
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density of an image for conducting a calibration of 
each of the receiving elements is set at a point on a non- 
liner region of characteristic curve of the photosensitive 
material . 

Fig. 11 shows the characteristic curve of a 
photosensitive material. The logarithm for the amount of 
exposure is plotted on the horizontal axis, while the image 
density with respect to the amount of exposure is plotted on 
the vertical axis. The linear portion of the characteristic 
curve refers to the portion where the change of density 

(inclination of the graph) with respect to changes of the 
logarithm for the exposure as shown by (c) of Fig. 11 is 
constant. The non-linear portion refers to the portion where 
the change of image density with respect to the amount of 
exposure is smaller than that in the case of the linear line 
portion of the characteristic curve, as shown by (a) , (b) , or 

(d) of Fig. 11 . 

According to the invention recited in item 88, the 
fluctuation of the density resulting from the variation in 
the amount of exposure of the recording element can be 
reduced because calibration of each light receiving device is 
carried out using the non-linear portion of the 
characteristic curve of the photosensitive material, i.e. the 
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portion exhibiting a shift to soft gradation. This improves 
the high-precision calibration of variations of the light 
receiving devices . 

(89) The image- forming method, described in item 87 or 88, 
characterized in that, 

the calibration of each of the receiving elements is 
conducted by employing a non-exposed part of the correction 
image . 

The non-exposed part in the sense in which it is used 
here refers to the portion where the inclination of the 
characteristic curve of the photosensitive material is 
approximately 0 (zero) or the portion where the effect of 
light, even if it is applied, does not occur, i.e. the 
portion where exposure is not applied to the photosensitive 
material by the print head, as shown by (a) of Fig. 11. 

According to the invention recited in item 88, simple 
and high-precision correction is ensured because calibration 
is carried out using the non-exposed part of correction 
image . 

(90) An image-forming method, characterized in that, 

in the image- forming method, in which, by employing a 
print head in which a plurality of recording elements are 
arranged in an array line, a correction image is recorded 
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onto a photosensitive material moving relative to the 
plurality of recording elements with a plurality of line 
numbers, and readout information are acquired from the 
correction image by means of an image-reading device, and, 
based on a plurality of readout information sets acquired for 
every recording element, correction amounts of recording 
characteristics of the plurality of recording elements are 
found, and then, an image is recorded by employing the 
correction amounts , 

a selection processing is conducted with respect to the 
plurality of readout information sets acquired for every 
recording element, and the correction amounts of the 
recording characteristics of the plurality of recording 
elements are found, based on readout information sets after 
selection . 

According to the invention recited in item 90, the 
amount of correction for the recording characteristics of 
each recording element is obtained based on the data selected 
from a plurality of readout information items obtained from 
the correction image, whereby faulty data resulting from the 
dust, soil and contamination of the photosensitive material 
can be eliminated. This arrangement improves the tolerance 
to the faulty data that may cause deterioration of correction 
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precision and brings about excellent results of high- 
precision correction and reduced unevenness of density. 

Incidentally, the readout information can be selected 
within the range of the data corresponding to each recording 
element or within the range of the entire data of all 
recording elements . 

(91) The image-forming method, described in item 90, 
characterized in that, 

the selection processing is conducted, based on a scale 
of the plurality of readout information sets. 

According to the invention recited in item 91, since 
the reference for selecting the readout information is made 
clear, excellent results of high-precision correction can be 
obtained easily, and unevenness of density can be reduced. 

(92) The image-forming method, described in item 91, 
characterized in that, 

the selection processing utilizes less than 95% of the 
plurality of readout information sets. 

According to the invention recited in item 91, since 
95% or less of a plurality of readout information sets 
(hereinafter, also referred to as readout information items) 
are used, there is an increase in the percentage of excluded 
data. This ensures improved tolerance to the faulty data 
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resulting in deteriorated correction precision. Thus, 
excellent results of high-precision correction can be 
obtained, and unevenness of density can be reduced. 

It is preferred that the percentage of the data to be 
used should be 95% or less of all data; more preferably 90% 
or less, and still more preferably 80% or less. It is also 
preferred that the percentage of the data to be used should 
be 10% or more; more preferably 20% or more, and still more 
preferably 30% or more. 

(93) The image-forming method, described in item 90, 
characterized in that, 

the selection processing repeats to extract a maximum 
value and/or a minimum value of the plurality of readout 
information sets until 3a reaches to a value equal to or 
smaller than O.ljj, where "a" and M p" are defined as a 
standard deviation and an average value of the selected 
readout information sets, respectively. 

According to the invention recited in item 91, high- 
precision correction is ensured by correction calculation 
using the readout information with fewer variations. The 
value 3a is preferably 0.1 jx or less, more preferably 0.05 n 
or less, and still more preferably 0.01 [X or less. 
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(94) The image- forming method, described in anyone of items 
83-93, characterized in that, 

the photosensitive material is fixed onto the image- 
reading device by means of a pushing member. 

The pushing member in the sense in which it is used 
here refers to a member for pressing the correction image 
into position. It is preferred that this pushing member has 
an approximately uniform density like black, for example. It 
is also preferred that the pushing member be made of a soft 
material that can be bent easily, like rubber or sponge. 
Further, it is preferred to be of low static build-up, 
without easily allowing dust to deposit thereon. 

According to the invention recited in item 94, 
correction precision is improved by accurate evaluation of 
the image edge. Further, the unevenness of density of low- 
frequency components can be reduced by preventing the 
correction image from becoming loose. 

(95) The image-forming method, described in anyone of items 
83-95, characterized in that 

a number of recorded lines to be recorded onto the 
correction image is in a range of 50-1000. 

According to the invention recited in item 95, the 
number of data items can be ensured and the average of the 
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data items from the readout information can be stabilized by 
increasing the number of lines to 50 or more, whereby 
unevenness of density of high-frequency component can be 
reduced. If the number of data items is increased too much, 
the average of the readout information data will converge. 
Thus, the number of lines is kept below 1,000, thereby 
reducing the unused portion and calculation time. 

(96) The image-forming method, described in item 95, 
characterized in that 

more than 10% of the number of lines, recorded in the 
correction image, are utilized for acquiring the readout 
information . 

According to the invention recited in item 96, ten 
percent or more of the recorded number of lines are used for 
getting readout information, whereby the size of the 
correction image can be reduced and hence miniaturization of 
the image reading device can be achieved. 

(97) The image-forming method, described in anyone of items 
83-96, characterized in that 

the photosensitive material is a silver-halide 
photosensitive material. 

According to the invention recited in item 97, 
unevenness of density are effectively reduced by use of a 
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silver halide photosensitive material as a photosensitive 
material . 

(98) The image- forming method, described in anyone of items 
83-97, characterized in that 

the photosensitive material has a reflective substrate 

layer. 

According to the invention recited in item 98, 
unevenness of density are effectively reduced because the 
photosensitive material has a reflection support, serving as 
a reflection support. 

(99) An image-forming apparatus, characterized in that, 

in the image-forming apparatus, which is provided with: 
a print head in which a plurality of recording elements are 
arranged in an array line and which are capable of recording 
a correction image onto a photosensitive material; an image- 
reading device, having an image-receiving head in which a 
plurality of photo-receiving elements are arranged in an 
array line, for acquiring readout information from the 
correction image; and a correction-processing section for 
finding correction amounts of recording characteristics of 
the plurality of recording elements, based on the readout 
information acquired, 
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an array direction of the plurality of recording 
elements of the print head and an array direction of the 
plurality of photo-receiving elements of the image-receiving 
head, in respect to the correction image, are in a same 
direction . 

According to the invention recited in item 99, the 
recording elements of the print head with respect to the 
correction image and the light receiving devices of the image 
receiving head are arranged in the same direction. Thus, the 
scanning range of the image reading device can be reduced by 
using a longer correction image in the direction where 
recording elements are arranged. Further, this improves the 
tolerance for the inclination of the correction image, and 
reduces the correction time, thereby ensuring high-precision 
correction of the variation of the recording element in a 
short time and effective reduction of unevenness of density. 
(100) An image-forming apparatus, characterized in that, 

in the image-forming apparatus, which is provided with: 
a print head in which a plurality of recording elements are 
arranged in an array line and which are capable of recording 
a correction image onto a photosensitive material; an image- 
reading device, having an image-receiving head in which a 
plurality of photo-receiving elements are arranged in an 
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array line, for acquiring readout information from the 
correction image; and a correction-processing section for 
finding correction amounts of recording characteristics of 
the plurality of recording elements, based on the readout 
information acquired, 

the correction-processing section specifies 
the readout information corresponding to each of the 
plurality of recording elements by applying a rotation 
processing to the readout information. 

According to the invention recited in item 100, 
rotation processing applied to the readout information, 
permits accurate identification of the readout information 
corresponding to each recording element and ensures improved 
high-precision correction of unevenness of density. 
(101) The image-forming apparatus, described in item 100, 
characterized in that 

the correction image has an inclination-determining 
marker for determining an inclination of the correction 
image; and 

the correction-processing section determines the 
inclination of the correction image by means of the 
inclination-determining marker, to apply the rotation 
processing to the readout information. 
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According to the invention recited in item 101, the 
inclination of the correction image is evaluated using the 
inclination-determining marker recorded on the correction 
image, thereby ensuring easy determination of the angle for 
rotation processing and improved high-precision correction of 
unevenness of density. 

(102) The image-forming apparatus, described in anyone of 
items 99-101, characterized in that, 

the correction-processing section conducts a 
calibrating operation of each of the plurality of photo- 
receiving elements . 

According to the invention recited in item 102, 
accuracy of feedback to the recording elements of the print 
head is improved by reducing the variation of the light 
receiving sensitivity of each light receiving device; hence 
unevenness of density of high-frequency components are 
reduced. 

(103) The image-forming apparatus, described in item 102, 
characterized in that, 

the correction-processing section conducts the 
calibrating operation by employing a part of the correction 
image . 
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According to the invention recited in item 103, the 
light receiving device can be calibrated in the same manner 
as when scanning the portion used for the calculation of 
correction. This allows correction of the variation of the 
recording elements of the print head, based on the 
identification of variations of the light receiving device, 
whereby high-precision correction is ensured. Further, the 
light receiving device can be calibrated by a shared use of 
the image reading device, without having to use another light 
measuring unit. This arrangement provides easy calibration. 
(104) The image-forming apparatus, described in item 103, 
characterized in that, 

density of an image for conducting a calibration of 
each of the receiving elements is set at a point on a non- 
liner region of characteristic curve of the photosensitive 
material . 

According to the invention recited in item 104, the 
fluctuation of the density resulting from the variation in 
the amount of exposure of the recording element can be 
reduced because calibration of each light receiving device is 
carried out using the non-linear portion of the 
characteristic curve of the photosensitive material, i.e. the 
portion exhibiting a shift to soft gradation. This improves 
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the high-precision calibration of variations of the light 
receiving devices . 

(105) The image- forming apparatus, described in item 103 or 
104, characterized in that, 

the correction-processing section conducts the 
calibration of each of the receiving elements by employing a 
non-exposed part of the correction image. 

According to the invention recited in item 105, simple 
and high-precision correction is ensured because calibration 
is carried out using the non-exposed part of correction 
image . 

(106) An image-forming apparatus, characterized in that, 

in the image-forming apparatus, which is provided with: 
a print head in which a plurality of recording elements are 
arranged in an array line and which are capable of recording 
a correction image constituted by a plurality of line numbers 
onto a photosensitive material; an image-reading device for 
acquiring readout information from the correction image; and 
a correction-processing section for finding correction 
amounts of recording characteristics of the plurality of 
recording elements, based on a plurality of readout 
information sets acquired for every recording element, 
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the correction-processing section conducts a selection 
processing with respect to the plurality of readout 
information sets acquired for every recording element, and 
finds the correction amounts of the recording characteristics 
of the plurality of recording elements, based on readout 
information sets after selection. 

According to the invention recited in item 106, the 
amount of correction for the recording characteristics of 
each recording element is obtained based on the data selected 
from a plurality of readout information items' obtained from 
the correction image, whereby faulty data resulting from the 
dust, soil and contamination of the photosensitive material 
can be eliminated. This arrangement improves the tolerance 
to the faulty data that may cause deterioration of correction 
precision and brings about excellent results of high- 
precision correction and reduced unevenness of density. 
(107) The image-forming apparatus, described in item 106, 
characterized in that, 

the selection processing is conducted, based on a scale 
of the plurality of readout information sets. 

According to the invention recited in item 107, since 
the reference for selecting the readout information is made 
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clear, excellent results of high-precision correction can be 
obtained easily, and unevenness of density can be reduced. 

(108) The image- forming apparatus, described in item 91, 
characterized in that, 

the selection processing utilizes less than 95% of the 
plurality of readout information sets. 

According to the invention recited in item 108, since 
95% or less of a plurality of readout information sets 
(hereinafter, also referred to as readout information items) 
are used, there is an increase in the percentage of excluded 
data. This ensures improved tolerance to the faulty data 
resulting in deteriorated correction precision. Thus, 
excellent results of high-precision correction can be 
obtained, and unevenness of density can be reduced. 

(109) The image-forming apparatus, described in item 106, 
characterized in that, 

the selection processing repeats to extract a maximum 
value and/or a minimum value of the plurality of readout 
information sets until 3a reaches to a value equal to or 
smaller than O.ly, where "a" and are defined as a 

standard deviation and an average value of the selected 
readout information sets, respectively. 
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According to the invention recited in item 109, high- 
precision correction is ensured by correction calculation 
using the readout information with fewer variations. 

(110) The image-forming apparatus, described in anyone of 
items 99-109, characterized in that, 

the photosensitive material is fixed onto the image- 
reading device by means of a pushing member. 

According to the invention recited in item 110, 
correction precision is improved by accurate evaluation of 
the image edge. Further, the unevenness of density of low- 
frequency components can be reduced by preventing the 
correction image from becoming loose. 

(111) The image-forming apparatus, described in anyone of 
items 99-110, characterized in that 

a number of recorded lines to be recorded onto the 
correction image is in a range of 50-1000. 

According to the invention recited in item 111, the 
number of data items can be ensured and the average of the 
data items from the readout information can be stabilized by 
increasing the number of lines to 50 or more, whereby 
unevenness of density of high-frequency component can be 
reduced. If the number of data items is increased too much, 
the average of the readout information data will converge. 
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Thus, the number of lines is kept below 1, 000, thereby 
reducing the unused portion and calculation time. 

(112) The image-forming apparatus, described in item 111, 
characterized in that 

more than 10% of the number of lines, recorded in the 
correction image, are utilized for acquiring the readout 
information . 

According to the invention recited in item 112, ten 
percent or more of the recorded number of lines are used for 
getting readout information, whereby the size of the 
correction image can be reduced and hence miniaturization of 
the image reading device can be achieved. 

(113) The image-forming apparatus, described in anyone of 
items 99-112, characterized in that 

the photosensitive material is a silver-halide 
photosensitive material. 

According to the invention recited in item 113, 
unevenness of density are effectively reduced by use of a 
silver halide photosensitive material as a photosensitive 
material . 

(114) The image-forming apparatus, described in anyone of 
items 99-113, characterized in that 
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the photosensitive material has a reflective substrate 

layer . 

According to the invention recited in item 114, 
unevenness of density are effectively reduced because the 
photosensitive material has a reflection support, serving as 
a reflection support. 

(115) An image-forming apparatus, characterized in that, 

in the image- forming apparatus, which is provided with : 
a print head in which a plurality of recording elements are 
arranged in an array line, each of the plurality of recording 
elements individually acting based on each of light-amount 
correction coefficients; an image-reading device for reading 
an image recorded on a photosensitive material; and a 
correction-processing section that records a correction image 
onto a photosensitive material by means of the print head, 
and acquires readout information of the recorded correction 
image through the image -reading device, and acquires 
correction amounts of recording characteristics of the 
plurality of recording elements, based on the acquired 
readout information, and then, compensates for the light- 
amount correction coefficients by employing the acquired 
correction amounts, and which records an image by using each 
of the recording elements, based on the light-amount 
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correction coefficients compensated for by the correction- 
processing section, 

exposure-amount information are acquired, based on the 
readout information acquired from said correction image. 
(116) An image-forming method, characterized in that 

in the image-forming method, which includes: a 
correction image recording step for recording a correction 
image onto a photosensitive material by means of a print head 
in which a plurality of recording elements are arranged in an 
array line, each of the plurality of recording elements 
individually acting based on each of light-amount correction 
coefficients; a readout information acquiring step for 
acquiring readout information of the recorded correction 
image through an image-reading device; a correction amount 
acquiring step for acquiring correction amounts corresponding 
to recording characteristics of the plurality of recording 
elements, based on the acquired readout information; a 
compensating step for compensating for the light-amount 
correction coefficients by employing the acquired correction 
amounts; and an image recording step for recording an image 
by using each of the recording elements, based on the 
compensated light-amount correction coefficients, 
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there is further provided an exposure-amount 
information acquiring step for acquiring exposure-amount 
information, based on the readout information acquired from 
the correction image. 

The aforementioned arrangement allows simultaneous 
execution of two steps; adjusting the light amount correction 
coefficient of each of the recording elements placed on the 
print head in an array form, thereby reducing the variation 
(i.e. correction of unevenness of density) and controlling 
the amount of exposure, thereby adjusting the color balance 
(i.e. setup). This feature permits completion of the 
preparatory work prior to the full-scale operation of an 
image forming apparatus such as Minilab equipment in a short 
period of time, and enables satisfactory correction of 
unevenness of density. 

Two steps of correction of unevenness of density and 
setup operation can be done by one and the same correction 
image. This arrangement eliminates image output time and 
image scanning time by an image reading device such as a flat 
bed scanner. 

Since unevenness of density of the pixel are corrected 
in the density area of high frequency of use, i.e. the 
density area where setup is performed, a substantial 
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reduction of the unevenness of density can be achieved, with 
the result that an extremely high-quality output image is 
obtained. 

The readout information in the present invention refers 
to the information representing the optical density obtained 
as a result of measurement. It can be information on density 
itself, reflection factor, transmittance coefficient or light 
absorption coefficient. Alternatively, it can be a function 
value corresponding to these in a one-to-one relation, for 
example, a logarithmic value or the like. Further, when an 
image is read and measured by an image reading device such as 
a flat bed scanner, it can be a signal value measured by the 
image reading device, a function value corresponding to the 
aforementioned signal value in a one-to-one relation, for 
example, a logarithmic value or a relative value thereof. 
The readout information in the present invention may be 
called density information or simply density in the present 
description. 

Information on the amount of exposure in of the present 
invention is the information representing the amount of 
exposure applied to the photosensitive material for recording 
an image thereon. It can be the amount of exposure applied 
to the photosensitive material, a function value 
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corresponding to the aforementioned amount of exposure in a 
one-to-one relation, for example, a logarithmic value or a 
relative value thereof. It is preferred that the 
aforementioned information on the amount of exposure 
corresponding to each array-shaped print head be present. 

It is preferred that image outputting be performed with 
consideration given to light amount correction coefficient 
and information on the amount of light. This provides a 
high-quality output image. 

It is preferred in the present invention that setup for 
adjusting the separate color balance be carried out by 
adequately controlling the amount of light emitted to the 
photosensitive material by each print head, but it can be 
carried out in any manner. An example of preferred 
embodiment of setup is found in the case where a setup signal 
value serving as a density area to be used frequently is 
selected in advance, and when recording is made on the 
photosensitive material according to the image information 
based on the aforementioned selected signal value, the 
information on the amount of light adequately adjusted in 
such a way that a desired density can be obtained. 

Fig. 2(a), Fig. 2(b) and Fig. 2(c) are block diagrams 
showing the print heads arrangement in an array form. This 
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array form is not restricted to a linear form. It includes a 
staggered arrangement as shown in Fig. 2(b) and arrangement 
as shown in Fig. 2(c). As illustrated, the recording 
elements are numbered in each of them. Mutually adjacent 
recording elements in the direction where recording elements 
are arranged refer to the case where the number corresponds 
to the adjacent recording element. 

The direction where the recording elements are arranged 
refers to the direction where a greater number of recording 
elements are arranged, as shown in Fig. 2(a), Fig. 2(b) and 
Fig. 2 (c) . 

When a rectangular correction image is set on the image 
reading device, it is preferred that the shorter side of a 
rectangle overlaps in the direction where the Charge Coupled 
Devices (CCD) of the image reading device are arranged. This 
is preferred from the viewpoint of improving the tolerance to 
the inclination of the correction image. 

The print head placed in an array may be of any type as 
long as a plurality of recording elements are arranged in one 
row or more at predetermined intervals in order to get 
predetermined resolution. Preferred examples of the print 
head placed in an array include a printer head where LED 
light emitting devices or vacuum fluorescent tubes are 
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arranged, a PLZT print head using an appropriate backlight, 
an optical shutter array such as a liquid crystal shutter 
array print head, a semiconductors placed in an array form, a 
thermal head, and a light emitting device based on electro- 
luminance phenomenon such as an organic EL material. 
Especially preferred ones include the apparatus capable of 
forming images of a plurality of gradations, such as an 
apparatus for recording on the silver halide photosensitive 
material using various recording element arrays and an 
apparatus for recording with a thermal head using sublimation 
ink. 

The image can be the one where one-pixel interval 
equivalent to at least one recording element is provided in 
the direction where recording elements are provided, and 
pixels are discontinuous. However, the image is preferred to 
be a filled-in one without any pixel interval. Any filled-in 
image is acceptable, but the density is preferred to be the 
same in the direct where recording elements are arranged, 
whenever possible. Further, the preferred image is the one 
that is used mainly to correct the unevenness of density of 
the print head. 

When recording is made after the photosensitive 
material has been cut, the size of the photosensitive 
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material with an image recorded thereon is preferred in such 
a way that the vertical length (LV) vertical to the direction 
where the recording elements of the print head are arranged 
is not much greater than the horizontal length (LH) . From 
the viewpoint of transportability of the photosensitive 
material, reduction of paper loss and impact on development 
process, the LV/LH is preferably 2.0 times or less, more 
preferably 1.2 times or less and still more preferably 0.9 
times or less. 

The amount of correction is intended to adjust the 
light amount correction coefficient of each recording element 
so that each recording element can be recorded on the 
photosensitive material at a uniform luminescent intensity. 

Light amount correction coefficient in the present 
invention refers to the coefficient for controlling the 
amount of light emitted by each recording element. It is 
preferred that the amount of light emission be controlled by 
controlling the light emitting time, for example. Each of 
the recording elements may contain its own light amount 
correction coefficient. 

One of the preferred objects in using the light amount 
correction coefficient is to reduce the variation of light 
emitted by each recording element and to get uniform amount 
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of light emission. A preferred means for getting the uniform 
amount of light emission is to make comparison between the 
average value of the amount of light emission of the 
recording element within a desired range and the amount of 
light emitted by each recording element, thereby making 
required adjustment. Another preferred object in using the 
light amount correction coefficient is to adjust the color 
balance of each print head. A preferred means for adjusting 
color balance is to adjust the average value of the amount of 
light emission within a desired range so as to get a desired 
density. 

The light amount correction coefficient of the present 
invention can be used to fulfill the aforementioned objects. 
To carry out accurate correction of unevenness of density, it 
should preferably be used for the first object. 

It is also preferred that the aforementioned light 
amount correction coefficient be corrected using the 
aforementioned amount of correction corresponding to each 
recording element. It is preferred that the light amount 
correction coefficient of the print head be sufficiently 
adjusted using the accurate amount of correction, thereby 
getting the uniform filled-in image. 
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It is preferred that correction of the unevenness of 
density according to the aforementioned arrangement be 
carried out simultaneously using the same image. The 
correction is preferred to be carried out simultaneously 
using the same image intended to correct the unevenness of 
density. 

(117) The image-forming apparatus, described in item 115, 
characterized in that 

a statistic amount in regard to the readout information 
is calculated, and the exposure-amount information is 
acquired by employing the statistic amount. 

(118) The image-forming method, described in item 116, 
characterized in that 

a statistic amount in regard to the readout information 
is calculated, and the exposure-amount information is 
acquired by employing the statistic amount. 

The aforementioned arrangement allows information on 
the amount of exposure to be obtained easily from the density 
information (readout information) . Information on the amount 
of exposure is obtained by using the statistic amount of the 
density information representing the property of the entire 
density information. This eliminates the need of getting 
information on the amount of exposure for each of the 
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recording elements of the print head, thereby bringing about 
a substantial improvement in getting rid of complicated 
processing work. 

The aforementioned statistical amount is preferred to 
be given in one numerical value in quantitative terms capable 
of representing the characteristics of the overall 
distribution. It is preferred to be represented by an 
average value, median, quartile deviation, mode, root mean 
square value. 

(119) The image-forming apparatus, described in item 115 or 
117, characterized in that 

the recording operation is conducted onto the 
photosensitive material, by independently employing the 
light-amount correction coefficients or the exposure-amount 
information. 

(120) The image-forming method, described in item 116 or 118, 
characterized in that 

the recording operation is conducted onto the 
photosensitive material, by independently employing the 
light-amount correction coefficients or the exposure-amount 
information . 

The aforementioned arrangement allows the light amount 
correction coefficient of the print head and information on 
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the amount of exposure (hereinafter, also referred to as 
exposure-amount information) to become independent of each 
other, and provides high-quality output images for a long 
period of time on a stable basis. 

With respect to the term of "independently" used here, 
it is preferred that the light amount correction coefficient 
be used only for the purpose of reducing the unevenness of 
density of each recording element of the array-shaped print 
head, and the information on the amount of exposure only for 
the purpose of reducing. 

When correction of unevenness of density has been 
repeatedly made to the Mini-lab as an image forming apparatus 
having been operating on a long term basis because of the 
print head whose amount of light emission is much greater 
than the average one or the print head whose amount of light 
emission is reduced due to the approaching end of service 
life, the average value of the light amount correction 
coefficient may become excessively great or small, if the 
light amount correction coefficient and information on the 
amount of exposure is not independent of each other. In such 
a case, it may occur that the precision of correcting the 
unevenness of density is deteriorated because the required 
light emission time cannot be secured, for the reasons that 
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sufficiently accurate data cannot be transferred or the 
response at the time of starting the print head drive cannot 
be met. To avoid such a problem, it is preferred in the 
present invention that the light amount correction 
coefficient and information on the amount of exposure be 
independent of each other. 

(121) The image-forming apparatus, described in anyone of 
items 115, 117 and 119 characterized in that 

a value, indicated by the readout information acquired 
from the correction image, is set at a point on a liner 
region of characteristic curve of the photosensitive 
material . 

(122) The image-forming method, described in anyone of items 
116, 118 and 120, characterized in that 

a value, indicated by the readout information acquired 
from the correction image, is set at a point on a liner 
region of characteristic curve of the photosensitive 
material . 

The aforementioned arrangement further improves the 
precision in correction of unevenness of density and setup, 
based on the density information (readout information) . 
Further, the portion where gradation characteristic is 
changed into hard gradation (i.e. the linear portion of the 
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characteristic curve) is used; therefore, the fluctuation of 
the image density caused by the variation in the amount of 
exposure of the print head can be represented as a 
comparatively large quantity. This provides accurate density 
information and brings about a drastic improvement in 
correction of unevenness of density and setup. 

The aforementioned portion where gradation 
characteristic is changed into hard gradation refers to the 
linear portion shown by the symbol "c" in Fig. 11. 

(123) The image-forming apparatus, described in anyone of 
items 115, 117, 119 and 121, characterized in that 

the correction images are recorded onto plural 
different recording regions on the photosensitive material, 
and then, a plurality of readout information sets are 
acquired from the plurality of correction images, so that the 
exposure-amount information are acquired, based on each of 
the plurality of readout information sets. 

(124) The image-forming method, described in anyone of items 
116, 118, 120 and 122, characterized in that 

the correction images are recorded onto plural 
different recording regions on the photosensitive material, 
and then, a plurality of readout information sets are 
acquired from the plurality of correction images, so that the 
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exposure-amount information are acquired, based on each of 
the plurality of readout information sets. 

The aforementioned arrangement allows the more accurate 
density information (readout information) to be obtained, and 
brings about drastic improvement in the correction of 
unevenness of density. Since the variation of the uneven 
coating on the faulty points of a photosensitive material can 
be removed, more accurate density information is obtained 
without involving complicated apparatus structure or 
increased costs. 

The image recorded in at least two areas is preferred 
to be the one having been recorded by the light emitted by 
all recording elements. It can be the image having been 
recorded by the light emitted by all pixels in two separate 
positions. The images recorded in at least two areas may be 
the ones located close to each other, or separated from each 
other . 

(125) The image-forming apparatus, . described in item 123, 
characterized . in that, 

with respect to each of the recording regions, each of 
the correction images is recorded in each of densities being 
different relative to each other. 



88 



6378 



(126) The image- forming method, described in item 124, 
characterized in that, 

with respect to each of the recording regions, each of 
the correction images is recorded in each of densities being 
different relative to each other. 

Correction of unevenness of density and setup can be 
achieved because the aforementioned structure allows the more 
accurate density information (readout information) to be 
obtained. 

Mutually differing densities be obtained by recording 
carried out on the photosensitive material for each of 
multiple areas, using the input or output signal value based 
on different image information. 

Using the image recorded at different densities on at 
least two areas makes it possible to analyze the correlation 
between this image and obtained density information, thereby 
getting more accurate density information. 

It is preferred that the signal selected for setup be 
contained in the scope of the output signal value subsequent 
to conversion according to the LUT (Look Up Table) , based on 
the image information providing a basis for the different 
densities recorded on the aforementioned two or more areas. 
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When the image is recorded on three different areas, it 
is preferred that three types of images be separately 
recorded for each of the three areas. 

When the image is recorded on different N areas, it is 
preferred that as many images as possible be separately 
recorded for each of the N areas. It is more preferred that 
N types of images be separately recorded for each of the N 
areas . 

The greater the number of the recording areas of the 
image based on the different density information, the more 
preferable. To put it another way, it is preferred that 
images be recorded in many areas based on different density 
information. This arrangement raises the possibility of 
providing a complement even if the target density value has 
been much deviated. When the target value is deviated from 
the range of density of the recorded image, the signal value 
can be obtained by extrapolating the relationship between 
"Log (output value) - density information". 

The arrangement of the present invention permits easy 
setup even if a plurality of different types of 
photosensitive materials resulting from different lots of the 
photosensitive material have to be employed. 
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When the near-linear portion of the photosensitive 
material to be used is included in the characteristic curve, 
use of this near-linear portion ensures more accurate setup. 

(127) The image-forming apparatus, described in anyone of 
items 115, 117, 119, 121, 123 and 125, characterized in that 

there is provided a pushing member for fixing the 
correction image onto the image-forming apparatus. 

(128) The image-forming method, described in anyone of items 
116, 118, 120, 122, 124 and 126, characterized in that 

the photosensitive material is fixed onto the image- 
reading device by means of a pushing member. 

The aforementioned arrangement allows accurate 
determination of the edge on the end of the photosensitive 
material, thereby bringing about a substantial improvement of 
precision in the correction of unevenness of density. 

Further, it is possible to prevent the photosensitive 
material from becoming loose or bent due to curling, thereby 
substantially reducing the . unevenness of density of low- 
frequency components in particular. 

The pushing member in the sense in which it is used 
here refers to a member for pressing the correction image 
into position. It is preferred that this pushing member have 
an approximately uniform density like black, for example. It 
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is also preferred that the pushing member be made of a soft 
material that can be bent easily, like rubber or sponge. 
Further, it is preferred to be of low static build-up, 
without easily allowing dust to deposit thereon. 

(129) The image-forming apparatus, described in anyone of 
items 115, 117, 119, 121, 123, 125 and 127, characterized in 
that 

the correction image is recorded onto a silver-halide 
photosensitive material. 

(130) The image-forming method, described in anyone of items 
116, 118, 120, 122, 124, 126 and 128, characterized in that 

the correction image is recorded onto a silver-halide 
photosensitive material. 

The aforementioned arrangement further enhances the 
effects of the present invention. 

(131) The image-forming apparatus, described in anyone of 
items 115, 117, 119, 121, 123, 125, 127 and 129, 
characterized in that 

the correction image is recorded onto a silver-halide 
photosensitive material having a reflective substrate layer. 

(132) The image-forming method, described in anyone of items 
116, 118, 120, 122, 124, 126, 128 and 130, characterized in 
that 
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the correction image is recorded onto a silver-halide 
photosensitive material having a reflective substrate layer. 

The aforementioned arrangement further enhances the 
effects of the present invention. 

(133) The image-forming apparatus, described in anyone of 
items 115, 117, 119, 121, 123, 125, 127, 129 and 131, 
characterized in that 

the correction image is recorded onto the 
photosensitive material by recording a number of recorded 
lines in a range of 50-1000 onto the photosensitive material. 

(134) The image-forming apparatus, described in anyone of 
items 116, 118, 120, 122, 124, 126, 128, 130 and 132, 
characterized in that 

the correction image is recorded onto the 
photosensitive material by recording a number of recorded 
lines in a range of 50-1000 onto the photosensitive material. 

The aforementioned arrangement reduces unevenness of 
density at high frequency components. 

(135) The image-forming apparatus, described in anyone of 
items 115, 117, 119, 121, 123, 125, 127, 129, 131 and 133, 
characterized in that 
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correction-processing section acquires the readout 
information from more than 10% of total lines constituting 
the correction image. 

(136) The image-forming method, described in anyone of items 
116, 118, 120, 122, 124, 126, 128, 130, 132 and 134, 
characterized in that 

the readout information is acquired from more than 10% 
of total lines constituting the correction image. 

(137) The image-forming apparatus, described in anyone of 
items 115, 117, 119, 121, 123, 125, 127, 129, 131, 133 and 

135, characterized in that 

the light-amount correction coefficients is adjusted 
according to the correction amounts, while an output-value 
conversion LUT is adjusted according to the exposure-amount 
information . 

(138) The image-forming apparatus, described in anyone of 
items 116, 118, 120, 122, 124, 126, 128, 130, 132, 134 and 

136, characterized in that 

the light-amount correction coefficients is adjusted 
according to the correction amounts, while an output-value 
conversion LUT is adjusted according to the exposure-amount 
information . 
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The aforementioned arrangement allows the light amount 
correction coefficient of the print head and information on 
the amount of exposure to become independent of each other, 
and provides high-quality output images for a long period of 
time on a stable basis. 

The image reading device of the present invention has a 
line-like CCD, and an image is read by the scanning of the 
line-like CCD. Preferred examples of such a device includes 
a flat bed scanner, drum scanner and other various scanners. 

When the aforementioned image reading device is used to 
measure the density of the correction image, it is preferred 
that the correction image be read at a resolution (e.g. 1200 
dip) higher than that (e.g. 300 dip) for recording onto the 
photosensitive material using an array-shaped print head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and . advantages of the present invention 
will become apparent upon reading the following detailed 
description and upon reference to the drawings in which: 

Fig. 1 is a block diagram representing an image forming 
apparatus 10 as an embodiment of the present invention; 
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Fig. 2(a), Fig. 2(b) and Fig. 2(c) are diagrams 
describing the arrangement of recording elements of an array- 
shaped print head; 

Fig. 3 is a block diagram describing the operation of 
an image data writing operation of the print head 30 of the 
image forming apparatus 10; 

Fig. 4(a) and Fig. 4(b) are schematic views showing a 
chart for recording a correction image of gray color; 

Fig. 5(a) and Fig. 5(b) are enlarged schematic views of 
section E in Fig. 4(a) and density data; 

Fig. 6 is a flowchart describing the correction of the 
recording element carried out by the image forming apparatus 
10; 

Fig. 7 is a schematic view of a chart for recording the 
correction image of RGB single color for comparison; 

Fig. 8 is a diagram representing the result of 
evaluation in Experiment 1 in a first embodiment of the 
present invention; 

Fig. 9 is a diagram representing the result of 
evaluation in Experiment 2 in a first embodiment; 

Fig. 10 is a diagram representing the result of 
evaluation in Experiment 5 in a first embodiment; 
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Fig. 11 is a diagram representing the characteristic 
curve of a photosensitive material in a first embodiment; 

Fig. 12 is a diagram representing the result of 
evaluation in Experiment 6 in a first embodiment; 

Fig. 13 is a diagram representing the result of 
evaluation in Experiment 7 in a first embodiment; 

Fig. 14 shows an example where images recorded on a 
photosensitive material by a plurality of print heads overlap 
each other; 

Fig. 15(a) and Fig. 15(b) are schematic views showing a 
chart for recording a correction image; 

Fig. 16 is a flowchart describing the correction of the 
recording element carried out by the image forming apparatus 
10; 

Fig. 17(a) and Fig. 17(b) are schematic views of image 
information obtained by the flat bed scanner 70; 

Fig. 18 is a diagram representing the result of 
evaluation in Experiment 1 in a second embodiment; 

Fig. 19 is a diagram representing the result of 
evaluation in Experiment 2 in a second embodiment; 

Fig. 20 is a diagram representing the result of 
evaluation in Experiment 3 in a second embodiment; 
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Fig. 21 is a diagram representing the result of 
evaluation in Experiment 4 in a second embodiment; 

Fig. 22 is a diagram representing the result of 
evaluation in Experiment 5 in a second embodiment; 

Fig. 23 is a diagram representing the result of 
evaluation in Experiment 6 in a second embodiment; 

Fig. 24 is a flowchart describing processing of image 
formation by an image forming apparatus in a third 
embodiment; 

Fig. 25 is a flowchart describing processing executed 
in an example of experiment conducted on an image forming 
apparatus in a third embodiment; 

Fig. 26(a) and Fig. 26(b) are flowcharts describing 
processing executed in an example of experiment conducted on 
an image forming apparatus in a third embodiment; 

Fig. 27 is a graph describing the correlation between 
output value and density of image information used in an 
example of experiment conducted on an image forming apparatus 
in a third embodiment; 

Fig. 28 is a flowchart describing processing executed 
in an example of experiment conducted on an image forming 
apparatus in a third embodiment; 
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Fig. 29 is a flowchart describing processing executed 
in an example of experiment conducted on an image forming 
apparatus in a third embodiment; 

Fig. 30 is a flowchart describing processing executed 
in an example of experiment conducted on an image forming 
apparatus in a third embodiment; 

Fig. 31 is a diagram showing an example of correction 
image used for processing the flowchart given in Fig. 30 in a 
third embodiment; 

Fig. 32 is a diagram showing an example of LUT used in 
an example of experiment conducted on an image forming 
apparatus in a third embodiment; 

Fig. 33 is a diagram showing a chart showing the 
correlation between output value and density of image 
information used in an example of experiment conducted on an 
image forming apparatus in a third embodiment; 

Fig. 34 is a diagram showing a chart showing the 
correlation between output value and density of image 
information used in an example of experiment conducted on an 
image forming apparatus in a third embodiment; 

Fig. 35 is a diagram showing the evaluation of 
unevenness of density conducted n an image forming apparatus 
in a third embodiment; and 
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Fig. 36 is a block diagram showing an image forming 
apparatus 200 in a third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings, the following describes the 
first, second and third embodiments of the present invention. 
For the sake of expediency in explanation, duplicated 
description or explanation based on different definitions of 
components may be included, with reference to the drawings 
common to the first, second and third embodiments. It should 
be noted that present invention is not restricted to the 
illustrated examples. 

Fig. 1 is a block diagram representing an image forming 
apparatus 10 in a first embodiment. As shown in Fig. 1, the 
image forming apparatus 10 contains a support drum 1, a red 
print head 30a, a green print head 30b, a blue print head 
30c, print head controller 40, correction processor 60, flat 
bed scanner 70, etc. 

The support drum 1 is a transfer means rotated by a 
drive source (not illustrated) . It transfers color 
photographic development paper 2 (hereinafter referred to as 
"development paper") as silver halide photosensitive material 
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fed out of the roll (not illustrated) , in the arrow-marked 
direction . 

The red print head 30a, green print head 30b and blue 
print head 30c are print heads each formed of a plurality of 
recording elements placed in an array. 

The array arrangement in the sense in which it is used 
here includes a staggered arrangement as shown in Fig. 2(b) 
and arrangement as shown in Fig. 2(c), in addition to the 
linear arrangement as shown in Fig. 2(a). As illustrated, 
the recording elements are numbered in each of them. 
Adjacent recording elements in the direction where recording 
elements are arranged indicate the neighboring device. The 
direction where recording elements of the print head are 
arranged refers to the direction where a greater number of 
recording elements are arranged, as shown in Fig. 2(a), Fig. 
2 (b) and Fig. 2 (c) . 

An LED (Light-Emitting Diode) light source is used as 
the red print head 30a. The green print head 30b and blue 
print head 30c are composed of VFPHs (Vacuum Fluorescent 
Print Heads) characterized by comparatively high brightness 
and quick response and capable of easy color decomposition by 
use of a color filter. 
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The print head controller 40 provides recording control 
to the red print head 30a, green print head 30b and blue 
print head 30c at differently timed intervals for each color 
so that the image data of each of RGB colors is recorded at a 
predetermined position of the development paper 2. 

The correction processor 60 calculates from the density 
data the amount of correction to correct the light emitting 
characteristics of each recording element of the red print 
head 30a, green print head 30b and blue print head 30c, and 
outputs it to the print head controller 40. (See Fig. 6 S3 
through S9) . 

The flat bed scanner 70 is an image reading device 
consisting of a light source, CCD (Charge Coupled Device) and 
analog- to-digital converter. The image receiving head of the 
flat bed scanner 70 is placed in an array form. The 
direction where the CCDs are arranged is the same as that 
where the recording elements are arranged. It is the 
direction where a greater number of CCDs can be arranged, as 
shown in Fig. 2(a) and Fig. 2(c). 

The flat bed scanner 70 applies light from the light 
source to the image mounted on the original setting glass, 
and allows the reflected light to be converted into the 
electric signal (analog signal) by the CCD, whereby readout 
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information is obtained. The readout information obtained is 
converted into the digital data by the analog-to-digital 
converter. The digital data is sent to the correction 
processor 60 as image information. The image information is 
defined as the information associated with the measurement 
data (hereinafter referred to as "density data") representing 
the density of each component of three RGB colors. 

When development paper 2 transferred from the roll from 
the support drum 1 is transferred in the arrow-marked 
direction as shown in Fig. 1, the red print head 30a, green 
print head 30b and blue print head 30c are exposure- 
controlled in conformity to the image data by the print head 
controller 40, and exposure is carried out for each color 
sequentially at a predetermined position of the development 
paper 2. The latent image of the color image is formed on 
the development paper 2. Upon completion of the exposure 
process, the development paper 2 is transferred to the 
development process of the next processing step by the 
support drum 1. The development paper 2 need not be roll 
paper; it can be a cut sheet. The development paper 2 can be 
transferred by a belt or other means. 

Fig. 3 is a block diagram describing the operation of 
an image data writing operation of the print head 30 for one 
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color* As shown in Fig. 3, upon inputting of the image data 
where gradation is represented in 8-bit digital value for 
each color, the print head controller 40 applies correction 
processing to the image data, based on the amount of 
correction generated by the correction processor 60, and 
converts it into the serial digital image data corresponding 
to one line for each recording element. At the same time, it 
generates the set pulse signal to transfer the image bit data 
to a latch circuit 32 and the enable signal for controlling 
the light emission time, and outputs them to the print head 
30 for one color. The image bit data is defined as specific 
bit data of image data. 

In the print head 30, the MSB (Most Significant Bit) 
data is sent to the shift register 31 as image bit data for 
one line from the print head controller 40. When the set 
pulse signal is inputted into the latch circuit 32, the MSB 
data synchronized with the set pulse signal is latched to the 
latch circuit 32, where the data for one line is collectively 
latched. The enable signal in conformity to gradation is 
inputted into the print head 30, whereby drive control is 
provided to the interval corresponding to the time range of 
the enable signal, for each recording element of the print 
head 30, and light is emitted in response to the latched 
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image data. To be more specific, the driver circuit 33 sends 
the drive signal to the device, having the latched data of 
"1", of the recording element array 34 on a selective basis 
so that light is emitted for the time range of the enable 
signal. Light is applied onto the development paper 2 
through a SELFOC lens array 35 to form a latent image 
thereon. This processing is applied to all bits successively 
from the MSB to the LSB (Least Significant Bit) . There is no 
restriction to the order of the bit; processing may be 
started from LSB or some other order may be used. The above 
description is concerned with one color alone. The same 
control procedure applies to all three colors. 

The green print head 30b and blue print head 30c are 
provided with green/blue color decomposition filters (not 
illustrated) on the lower portion of the SELFOC lens array 
35. 

The following describes the correction image. In the 
following description, the development paper with correction 
image recorded thereon will be called a chart. 

As shown in Fig. 4(a), the correction image used in the 
present invention is the image with its colors developed by 
cyan, magenta and yellow dyes as fundamental color dyes, 
namely the gray image that is recorded by the red print head 
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30a, green print head 30b and blue print head 30c at one and 
the same place. In the correction image, color developing 
areas overlap each other for each dot between different 
fundamental colors in principle, but all areas may not 
overlap one another, due to the difference in color 
developing areas of the recording elements of the print head 
30. 

The correction image can be the one where an interval 
of at least one recording element is provided in the 
direction where recording elements are arranged, or recording 
is discontinuous in the direction where recording elements 
are arranged. However, the image is preferred to be a 
filled-in one without any interval. Further, the density is 
preferred to be the same in the direction where recording 
elements are arranged, whenever possible. Accordingly, the 
correction image is preferred to the filled-in image of 
approximately uniform gray color. The image is also 
preferred to the one that is mainly used for the correction 
of unevenness of density of the print head 30, not the 
commonly used image. 

When the photosensitive material is a cut sheet for cut 
sheet transfer - not a roll paper, then the correction image 
is preferred to be recorded at the central position of the 
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chart in the direction of transfer in order to avoid 
contamination due to a developer. The leading side is 
preferred to have a portion where an image is not recorded. 
Further, when an image is read by the flat bed scanner 70, it 
is preferred that no image be recorded on the leading portion 
of the chart, since there is a variation on the leading 
portion . 

It is preferred that the correction image be recorded 
based on a plurality of image data items in a plurality of 
positions of the chart, i.e. at a plurality of densities on 
the photosensitive material. From the viewpoint of ensuring 
satisfactory development, the image is also preferred to be 
sent to the development apparatus so that the portion 
recorded at less density is processed earlier. 

It is preferred that density be measured in the widest 
possible range at a great number of places. More time will 
be required for image formation and scanning with an increase 
in the size of the correction image. The amount of paper 
loss will also increase. Thus, the size in excess of the 
level sufficient for correction requires more development 
paper and time. Further, when the number of data items have 
reached a predetermined level, convergence occurs. Capturing 
an excessive amount of data will be mere waste of time. 
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It is preferred that the number of lines to be recorded 
be in the range from 50 or more, but not more than 1000. 
More preferably, the number should be in the range from 50 or 
more, but not more than 200, and still more preferably it 
should be in the range from 60 or more, but not more than 
100. The number of line in the sense in which it is used 
here refers to the number of pixels vertical to the direction 
where recording elements are arranged. It is preferred that 
the density measurement be carried out for 10% or more, but 
not more than 90% of the number of lines to be recorded in 
order to get the amount of correction. More preferably, the 
density measurement should be carried out for 20% or more, 
but not more than 80% of the number of recorded lines in 
order to get the amount of correction. 

For the correction image, the range of density measured 
by the image reading device or density measurement device in 
terms of red density should preferably be 0.3 or more, but 
not more than 1.5, more preferably 0.4 or more, but not more 
than 1.0, and most preferably 0.5 or more, but not more than 
0.7. In terms of green density, it should preferably be 0.2 
or more, but not more than 1.5, more preferably 0.3 or more, 
but not more than 0.8, and most preferably 0.4 or more, but 
not more than 0.6. In terms of blue density, it should 
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preferably be 0.15 or more, but not more than 1.5, more 
preferably 0.3 or more, but not more than 1.0, and most 
preferably 0.4 or more, but not more than 0.6. 

For the size of the chart, for example, when recording 
is made after the development paper has been cut, it is 
preferred that the vertical length (LV) along the direction 
vertical to the direction where recording element of the 
print head 30 are arranged be not much greater than the 
horizontal length (LH) along the direction here recording 
element of the print head 30 are arranged. From the 
viewpoint of transportability of the photosensitive material, 
reduction of paper loss and impact on development process, 
the LV/LH is preferably 2.0 times or less, more preferably 
1.2 times or less and still more preferably 0.9 times or 
less . 

As shown in Fig. 4(a), in order to identify the 
position of each recording element 30, the chart is preferred 
to have marker steps. The markers along the direction where 
recording elements are arranged should be at smaller 
intervals. For example, markers should be arranged 
preferably at intervals of 10 pixels or less, more preferably 
at intervals of 5 pixels or less, and still more preferably 
at an interval of 1 pixel. The interval of one pixel 



109 



6378 



signifies repetition of ON/ OFF operations in the direction 
where recording elements are arranged. 

Since some error may be contained in the installation 
position of the print head 30, it is preferred that a single 
color marker be provided for each print head 30. Fig. 4(b) 
shows the enlarged view of the marker step. As shown in Fig. 
4(b), the marker (cyan) for identifying the position of each 
recording element of the red print head 30a, the marker 
(magenta) for identifying the position of each recording 
element of the green print head 30b, and the marker (yellow) 
for identifying the position of each recording element of the 
blue print head 30c are recorded. 

When a chart is configured with a plurality of density 
measuring positions for correction recorded thereon, it is 
preferred that a marker step be located close to the density 
measuring position. As shown in Fig. 4(a), the marker step 
is preferred to be located between filled-in images $. In 
the chart shown in Fig. 4(a), only one marker step is found, 
but a plurality of marker steps can be provided. When a 
plurality of marker steps can be provided, it is preferred 
that the marker be recorded by the recording element having 
one and the same recording element number in order to 
simplify calculation. 
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It is preferred that the chart has a positioning marker 
for determining the corresponding recording element. Any 
form of positioning marker can be used as long as it is 
clearly different from the normal marker. For example, the 
positioning marker can be recorded on the photosensitive 
material having a density markedly different from that of the 
normal marker. 

Fig. 5(a) is an enlarged schematic view of section E in 
Fig. 4(a). It shows the range where four pixels are 
exhibited centering on the positioning marker in the 
direction where recording elements are arranged. 

The following describes the configuration where the 
density of the positioning marker is close to 0 (zero), as 
shown in Fig. 5(a). In the marker step on the correction 
image, the positioning markers contain vacancies 
corresponding to an interval of three pixels in contract to 
the normal markers provided every other pixel (repetition of 
ON/ OFF operation). The absolute position of the pixel, i.e. 
the recording element number corresponding to the positioning 
marker is specified. 

Fig. 5(b) shows the density data corresponding to the 
correction image of Fig. 5(a), obtained by the flat bed 
scanner 70. While the correction image is recorded on 
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development paper at 300 dpi, the density is measured at 600 
dpi by the flat bed scanner 70. In the portion of the 
positioning marker, the portion of low density continues; 
therefore, the position of the positioning marker can be 
identified. Since the absolute- position of the marker can be 
determined, the recording element number can be determined 
with respect to the preceding and following images. This 
permits accurate feedback to each recording element, 
according to the amount of correction obtained from the 
measured density. 

The following describes the procedure of recording 
element correction made by the image forming apparatus 10: 

As shown in Fig. 6, the chart with the correction image 
recorded thereon is outputted (Step SA1) . The chart is set 
on the flat bed scanner 70 and the density measuring position 
of the correction image is scanned to measure the density 
(Step SA2) . To put it more specifically, the density data 
corresponding to each of the fundamental colors RGB in each 
position for density measurement is outputted. To get a 
high-precision density of the correction image corresponding 
to each recording element, the flat bed scanner 70 is 
preferred to read the correction image at a resolution higher 
that when recording is carried out by the print head 30 . 
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When the chart is rectangular, the longer side of the 
chart is preferred to be in the same direction as that where 
the CCDs of the flat bed scanner 70 are arranged, from the 
viewpoint of the tolerance to inclination at the time of 
setting on the flat bed scanner 70. 

The inclination of the scanned image is then determined 
(Step SA3) . The position of the positioning marker (portion 
at intervals of thee pixels) is determined based on the 
continuous low-density portion of the density data in the 
marker step, and the preceding and succeeding recording 
element numbers are determined. In this manner, the density 
data corresponding to the red print head 30a, green print 
head 30b and blue print head 30c is identified (Step SA4 ) . 

The amount of correction is calculated for each of the 
print heads 30. Assume that the density data corresponding 
to the recording element i of the print head 30 is D± . When 
there are a plurality of density data items in the same image 
data corresponding to the recording element i of the print 
head 30, it is possible to use an average of them or the 
representative value such as median. 

Then the average value D Q of density data D ± in the 
direction where recording elements are arranged is calculated 
(Step SA5) . The average value D Q is compared with density 
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data Di of the recording element (Step SA6) , and the amount 
of correction for recording element i C t = D 0 /Di is calculated 
(Step SA7 ) . 

When an image is formed by the image forming apparatus 
10, the image data and amount of correction d calculated by 
the correction processor 60 are multiplied by the print head 
controller 40, and the result is outputted to the print head 
30. 

Before correction of the recording element is 
processed, the color balance setup is preferred to have been 
terminated. The color balance setup is to intended to ensure 
that a desired density can be obtained for the image data of 
each fundamental color, and is defined as the act of 
adjusting the average of the amount recorded by the print 
head 30 or the amount of exposure or taking other similar 
action, thereby adjusting the color balance between print 
heads 30. Further, it is preferred that adjustment can be 
made for each of the RGB. 

The following describes the results of various 
experiments conducted by outputting of images using the image 
forming apparatus 10: 

(Experiment 1) 
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In Experiment 1, when the state of correction was 
comparatively satisfactory, correction was made: 

<1> using correction image in a single color of RGB 
(Fig. 7) and 

<2> using the correction image of composite color (gray 
color) (refer to Fig. 4(a)). After correction, unevenness of 
density were evaluated by comparison. The correction image 
in the single color of RGB shown in Fig. 7 contains: 

an R density measuring position (cyan) recorded by the 
red print head 30a; 

an G density measuring position (magenta) recorded by 
the green print head 30b; and 

a B density measuring position (yellow) recorded by the 
blue print head 30c. A portrait image including gray 
gradation was used as an image for evaluation, and was 
visually observed. In the following experiments, this 
evaluation image was used to evaluate the unevenness of 
density. 

Fig. 8 shows the results of evaluation in Experiment 1. 
The results are shown in the following five grades. This 
applies to the evaluation of the subsequent experiments : 

Excellent: Extremely good image quality completely 
free of any unevenness of density 
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Good: Very good image quality despite unevenness of 
density of low-frequency component partially observable 

Passable: Good, image quality despite unevenness of 
density of low-frequency component slightly observable 

Bad: Poor image quality with unevenness of density 
observable 

Very bad: Deteriorated image quality with unevenness 
of density clearly observable 

In the evaluation of the unevenness of density, 
especially the unevenness of density of low-frequency 
component as shown in Fig, 8, the image exhibited extremely 
good quality completely free of any unevenness of density 
when <2> the correction image of gray color was used 
(Excellent) ; and the image exhibited poor quality with 
unevenness of density when <1> correction image in a single 
color of RGB was used (Bad) . In the valuation of the 
evaluation of the unevenness of density of the edge, the 
image exhibited extremely good quality completely free of any 
unevenness of density when <2> the correction image of gray 
color was used (Excellent) ; and the image clearly exhibited 
deteriorated image quality with unevenness of density when 
<1> correction image in a single color of RGB was used (Very 
bad) . Further, when <2> the correction image of gray color 
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was used, smaller image size is sufficient, so correction 
time was reduced to about 70% of the time in the case where 
<1> correction image in a single color of RGB was used. 

As shown in Experiment 1, since the correction image of 
gray color was used, unevenness of density of other colors 
were included in the density of each fundamental color read 
from the correction image; therefore, unevenness of density, 
especially those of the low-frequency component could be 
reduced effectively. Further, since three RGB colors formed 
the edge portion at the same time, stable evaluation of the 
edge was achieved. 

Since the filled-in correction image with RGB images 
overlapping each other was used, it was possible to reduce 
the variation in density measurement caused by the difference 
in the image structures recorded on the photosensitive 
material by each print head, with the result that correction 
precision was improved. 

The gray correction image allows miniaturization of the 
correction image to be achieved, as compared to the case 
where correction image is separately created for each of the 
RGB colors, and allows the scope of scanning to be reduced at 
the time of correction, whereby correction calculation time 
can be reduced. 
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(Experiment 2) 

In Experiment 2, with correction in a very poor state, 
the present inventors obtained the number of corrections 
required until there was no unevenness of density in visual 
inspection, using a correction image of gray color, in the 
following two cases where <1> color conversion was carried 
out with respect to measured density and where <2> color 
conversion was not carried out with respect to measured 
density. To get an example for comparison, the experiment 
was carried out using a correction image of a single color of 
RGB. 

The following equation (1) was used for color 
conversion where Rorg, Gorg and Borg denote density readings 
(integral density) prior to color conversion, and R 1 , G f and 
B 1 denote densities subsequent to color conversion. 

R' = ar • (Rorg) br + cr • (Gorg) dr + er • (Borg) fr + gr 
G' = ag • (Rorg) bg + eg • (Gorg) dg + eg • (Borg) fg + gg 
B' = ab • (Rorg) bb + cb • (Gorg) db + eb • (Borg) fb + gb 

(1) 

Where ab, br, ... gb denote constants. In this 

Experiment 2, the following values were used. 

ar = 1.10, br = 0.98, cr = -0.25, dr = 1.03, er = 0.02, 

fr = 1.02, gr = 0.02, ag = -0.30, bg = 0.99, eg = 1.02, dg = 
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1.00, eg = -0.20, fg = 1.01, gg = 0.01, ab = 0.05, bb = 1.00, 
cb = -0.25, db = 1.02, eb = 1.08, fb = 0.99, gb = -0.02 

After performing correction by the required number of 
times, the same procedure as that in Experiment 1 was taken 
to evaluate unevenness of density. 

Fig. 9 shows the result of evaluation in Experiment 2. 
The number of corrections required until there was no 
unevenness of density was three <1> when color conversion was 
carried out, and five <2> when color conversion was not 
carried out. <3> When correction image of a single color of 
RGB was used, there was no further improvement in unevenness 
of density even after nine corrections were made. 

In the evaluation of unevenness of density, the image 
exhibited extremely good quality completely free of any 
unevenness of density <1> when color conversion was carried 
out (Excellent) . The image showed very good quality despite 
unevenness of density of low-frequency component partially 
observable <2> when color conversion was not carried out 
(Good) . The image exhibited poor quality with unevenness of 
density observable <3> when correction image of a single 
color of RGB was used (Bad) . Effective correction can be 
made by calculating the analytical density from the integral 
density i.e. by performing color conversion. 



119 



6378 



As shown in Experiment 2, color conversion allows the 
adverse effect of the unevenness of density of other colors 
to be eliminated, even if the state of correction is very 
bad, whereby accurate and high-precision correction can be 
achieved. Further, even if unevenness of density had taken 
place, it was possible to get back to the state free of 
unevenness of density by a small number of corrections. 
(Experiment 3) 

In Experiment 3, the same experiment as Experiment 2 
was conducted using the following conversion formula (2): To 
be more specific, with correction in a very poor state, the 
present inventors obtained the number of corrections required 
until there was no unevenness of density in visual 
inspection, using a correction image of gray color, in the 
following two cases where <1> color conversion was carried 
out with respect to measured density and where <2> color 
conversion was not carried out with respect to measured 
density. To get an example for comparison, the experiment 
was conducted <3> when correction image of a single color of 
RGB was used. 

In the following formula, Rorg, Gorg and Borg denote 
integral density; R f , G' and B 1 denote analytical densities; 
and ar, cr, er, ag, eg, eg, ab, cb and eb are constants . 
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R' = 



ar • Rorg + cr • Gorg + er • Borg 



G' = 



ag • Rorg + eg • Gorg + eg • Borg 



B' = 



ab • Rorg + cb • Gorg + eb • Borg 



(2) 



In Experiment 3, the following values were used: 

ar = 1.05, cr = -0.30, er = 0.05, ag = -0.25, eg = 
1.00, eg = -0.15, ab = 0.05, cb = -0.30, eb = 1.05 

The required number of corrections and the result of 
evaluating unevenness of density were the same as those in 
Experiment 2. When color conversion was made using the 
linear conversion formula of the aforementioned (2), the time 
of calculation was reduced to about 70%, as compared to the 
case of performing color conversion using the conversion 
formula (1) in Experiment 2. 

Thus use of the conversion formula (2) allowed the 
adverse effect of the unevenness of density of other colors 
to be eliminated by a comparatively simple method. High- 
precision correction could be achieved in a shorter period of 
time . 

(Experiment 4 ) 

In Experiment 4, the effect of a pushing member was 
evaluated when the correction image was read by the flat bed 
scanner 70. A black rubber characterized by low static 
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build-up and approximately uniform density was used as the 
pushing member. The chart was held and set in position by the 
black rubber when the correction image was read. 

Use of the pushing member allows the image edge to be 
evaluated with high accuracy, and prevents paper from getting 
loose and bent, with the result that the unevenness of 
density of low-frequency components can be reduced and 
correction precision was improved. 

(Experiment 5) 

In Experiment 5, the ratio between the number of lines 
used for correction image and that used in the measurement of 
density was changed as shown in Fig. 10, thereby finding the 
number of corrections required until there was no unevenness 
of density in visual evaluation. Paying attention paid to 
the unevenness of density of high-frequency component, an 
evaluation was made of the unevenness of density subsequent 
to correction . 

Fig. 10 shows the result of Experiment 5. If the 
percentage of the number of lines used to measure density was 
75%, the number of corrections required until there was no 
unevenness of density was smaller and unevenness of density 
were smaller when the number of lines was 50 than when it was 
40. Further, when the number of lines was 60, the number of 
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corrections required until there was no unevenness of density 
was still smaller, and no unevenness of density was observed 
at all in the evaluation of unevenness of density. Extremely 
good image quality was accomplished . 

Further, the number of corrections required until there 
was no unevenness of density was smaller and unevenness of 
density were smaller when the line of lines was 1000 than 
when it was 1050. Still further, the number of corrections 
required was smaller when the line of lines was 200. 
Moreover, the number of corrections required was still 
smaller when the line of lines was 100. No unevenness of 
density was observed at all in the evaluation of unevenness 
of density. Extremely good image quality was accomplished. 

If the number of lines was 50, the number of 
corrections required was smaller and unevenness of density 
were smaller when the percentage of the number of lines used 
to measure the density was 10% than when it was 5%. When the 
rate of use was 20%, the number of corrections required was 
still smaller and no unevenness of density was observed at 
all in the evaluation of unevenness of density. Extremely 
good image quality was accomplished. 

If the number of lines is 1000, the number of 
corrections required was smaller and unevenness of density 
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were smaller when the percentage of the lines used to measure 
the density is 90% than when it is 95%. When the rate of use 
was 80%, the number of corrections required was still smaller 
and no unevenness of density was observed at all in the 
evaluation of unevenness of density. Extremely good image 
quality was accomplished. 

As shown in the result of Experiment 5, when the number 
of lines was 50 or more to increase the width, the number of 
data items could be ensured, and the average of the density 
data could be stabilized, thereby reducing the unevenness of 
density of the high-frequency component. When the number of 
lines was kept not exceeding 1000, the unused portion and 
calculation time could be reduced. 

When 10% or more of the number of recorded lines were 
used to measure the density, the correction image could be 
reduced in size. Thus, calculation time and paper loss could 
be reduced. 

(Experiment 6) 

In Experiment 6, an evaluation was made of the 
unevenness of density caused by differences in correction 
image density. As shown in the characteristic curve of the 
photosensitive material given in Fig. 1, even if light is 
applied, its effect is not realized as an increase in density 
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(portion a) , until the amount of exposure exceeds a 
predetermined value (point A) . When the amount of exposure 
has reached a predetermined value, density starts to increase 
with the amount of exposure. From point A to point B, the 
characteristic curve exhibits a curve of downward convex form 
(portion b) . From point B to point C, the characteristic 
curve is linear and the change of the density with respect to 
the logarithm of the amount of exposure is constant (portion 
c) . When the amount of exposure has exceeded point C, an 
increase in the density with respect to the logarithm of the 
amount of exposure is slowed down, and the characteristic 
curve exhibits a curve of upward convex form (portion d) . To 
be more specific, at portion c (intermediate density) , there 
is a great change in the image density with respect to the 
change in the amount of exposure, as compared with portion b 
(low density) and portion d (high density) . 

In Experiment 6, comparison has been made of. the 
density of correction image in the following three cases: 
<1> when density is low (portion b) ; <2> when density is 
intermediate (portion c, a linear portion) , and <3> when 
density is high (portion d) . 

Fig. 12 shows the result of evaluation in Experiment 6. 
<1> When density was low (portion b) , the image exhibited a 
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very good image quality despite unevenness of density of low- 
frequency component partially observable (Good) . <2> When 
density was intermediate (portion c, a linear portion) , the 
image exhibited extremely good quality completely free of any 
unevenness of density (Excellent) . <3> When density was high 
(portion d)., unevenness of density of low-frequency component 
were slightly observable (Passable) . 

Thus, when the correction image density is set to the 
linear portion of the characteristic curve of the 
photosensitive material, correction precision was improved 
because it was possible to utilize the portion where 
gradation characteristic is changed into hard gradation, i.e. 
the portion where there is a big change in the image density 
with respect to the change in the amount of exposure. 

(Experiment 7) 

In Experiment 7, the range of densities (densities R, G 
and B) of each color component of the correction image was 
changed to get the number of corrections required until there 
was no unevenness of density in visual inspection, and 
evaluation was made of the unevenness of density subsequent 
to correction. 

Fig. 13 shows the result of evaluation in Experiment 7. 
Density R was changed when density G was 0.45 and density B 
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was 0.45. As density R was changed in an increasing order of 
0.20, 0.30, 0.40 and 0.50, there was a decrease in the number 
of corrections required until there was no unevenness of 
density. Better images were observed in the evaluation of 
unevenness of density. As density R is changed in a 
decreasing order of 1.60, 1.50, 1.00 and 0.70, there was a 
decrease in the number of corrections required, and better 
images were observed in the evaluation of unevenness of 
density. 

Density G was changed when density R was 0.65 and 
density B was 0.45. As density G was changed in an 
increasing order of 0.10, 0,20, 0.30 and 0.40, there was a 
decrease in the number of corrections required until there 
was no unevenness of density. Better images were observed in 
the evaluation of unevenness of density. Further, as density 
G was changed in a decreasing order of 1.60, 1.50, 0.80 and 
0.60, there was a decrease in the number of corrections 
required, and better images were observed in the evaluation 
of unevenness of density. 

Density B was changed when density R was 0.65 and 
density G was 0.45. As density B was changed in an 
increasing order of 0.10, 0,15, 0.30 and 0.40, there was a 
decrease in the number of corrections required until there 
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was no unevenness of density. Better images were observed in 
the evaluation of unevenness of density. Further, as density 
B was changed in a decreasing order of 1.60, 1.50, 1.00 and 
0.60, there was a decrease in the number of corrections 
required, and better images were observed in the evaluation 
of unevenness of density. 

As shown in the result of Experiment 7, it has been 
revealed that, when the density R of correction image is set 
to 0.3 or more, but not more than 1.5, the density G of 
correction image to 0.2 or more, but not more than 1.5, or 
the density B of correction image to 0.15 or more, but not 
more than 1.5, density does not become extremely high with 
respect to other colors, thereby reducing the adverse effect 
of the secondary absorption formed by the light emitting dye 
of the photosensitive material. It is also possible to 
remove the influence of color turbidity, with the result that 
the measured density is more accurate and high-precision 
correction can be performed. 

(Experiment 8 ) 

In Experiment 8, before correction was made to reduce 
the variation of each recording element, evaluation was made 
by comparison between the cases where the color balance setup 
was performed and where not performed. 
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The result of Experiment 8 has revealed that, when 
correction is made after termination of the color balance 
setup, three RGB colors are kept in balance without being 
affected by other colors very much, thereby contributing to 
further improvement of correction precision. 

It should be noted that description in the 
aforementioned embodiment refers to a preferred example of an 
image forming apparatus according to the present invention, 
without being restricted thereto. The detailed 
configurations and operations of each component of the image 
forming apparatus in the aforementioned embodiment can be 
modified as needed, without departing from the spirit of the 
invention . 

For example, the print head with recording elements 
arranged in an array form can be of any type as long as it is 
configured in such a way that a plurality of recording 
elements are arranged in a predetermined interval in one row 
or a plurality of rows in order to get a predetermined 
resolution. Preferred examples of the print head placed in 
an array include a printer head where LED light emitting 
devices or vacuum fluorescent tubes are arranged, a PLZT 
print head using an appropriate backlight, an optical shutter 
array such as a liquid crystal shutter array print head, a 
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semiconductors placed in an array form, a thermal head, and a 
light emitting device based on electro-luminance phenomenon 
such as an organic EL material. 

Preferred image forming apparatuses include the one 
capable of recording on the silver halide photosensitive 
material using various recording element arrays, and the one 
for recording with a thermal head using sublimation ink. 

In the aforementioned embodiment, reference was made to 
an example where a positioning marker was provided in 
parallel with an ordinary marker. It can be located anywhere 
on the correction image. Further, the number of the 
positioning markers can be only one or more than one. The 
positioning marker is preferred to be provided for each print 
head. 

In the aforementioned embodiment, the density data of 
each color of RGB was used as the readout information 
obtained from image. The readout information is not 
restricted to density alone. It can be information on 
reflection factor, transmittance coefficient or light 
absorption coefficient. Alternatively, it can be a function 
value corresponding to these . 

The following describes a second embodiment. The 
schematic configuration of the image forming apparatus as the 
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second embodiment is the same as that of the first embodiment 
shown in Fig. 1 through Fig. 3. Accordingly, Fig. 1 through 
Fig. 3 apply to the second embodiment and the description 
will be omitted. 

The following describes the correction image (chart) 
used in the second embodiment. 

As shown in Fig. 15(a), the chart 3 used in this 
embodiment contains density measurement areas 4a, 4b, 4c and 
4d, inclination determination markers 5a and 5b, and 
recording element identifying marker steps 6a and 6b. The 
arrow mark in Fig. 15(a) indicates the direction where 
recording elements are arranged. 

The density measurement areas 4a, 4b, 4c and 4d are the 
places where density is measured in order to ensure uniform 
amount of exposure of the recording element. For example, 
the image used is the one obtained by the red print head 30a, 
green print head 30b and blue print head 30c recording at one 
and the same position, where the colors of this image are 
developed by cyan, magenta and yellow dyes as fundamental 
colors. As shown in Fig. 4(a), it is preferred that this 
correction image be recorded based on a plurality of image 
data items in a plurality of positions of the chart, i.e. at 
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a plurality of densities. Fig. 15(a) shows an example of the 
areas for measuring four types of densities provided. 

In the density measurement areas 4a, 4b, 4c and 4d, it 
is possible to use the image of discontinuous recording in 
the direction where recording elements are arranged, 
including the one where an interval equivalent to at least 
one recording element is provided in the direction where 
recording elements are provided. However, the image is 
preferred to be a filled-in one without any interval. 
Further, the density is preferred to be the same in the 
direct where recording elements are arranged, whenever 
possible. 

It is preferred that density measurement areas 4a, 4b, 
4c and 4d cover the widest possible range of a great number 
of places. More time will be required for image formation 
and scanning with an increase in the size of the correction 
image. The amount of paper loss will also increase. Thus, 
the size in excess of the level sufficient for correction 
requires more development paper and time. Further, when the 
number of data items have a predetermined level, convergence 
occurs. Capturing an excessive amount of data will be mere 
waste of time. 
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Inclination determination markers 5a and 5b are used to 
determine the inclination of correction image. As shown in 
Fig. 15(a), the inclination determination markers 5a and 5b 
are recorded as a pair close to both ends of the chart 3 in 
the direction where recording elements are arranged. The 
inclination determination markers 5a and 5b are used to get 
the position. Accordingly, it is preferred that recording be 
carried out in a small number of lines by a small number of 
recording elements in a smallest possible area. 

The recording element identifying marker steps 6a and 
6b are used to identify the positions of the recording 
elements of each print head 30. The interval of the 
recording element identifying marker steps 6a and 6b in the 
direction where recording elements are arranged is preferred 
to be smaller. The recording element identifying marker 
steps 6a and 6b should be arranged preferably at intervals of 
10 pixels or less, more preferably at intervals of 5 pixels 
or less, and most preferably at an interval of 1 pixel. The 
interval of one pixel signifies repetition of ON/OFF 
operations in the direction where recording elements are 
arranged. 

Since some error may be contained in the installation 
position of the print head 30, it is preferred that a single 
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color marker be provided for each print head 30. Fig. 15(b) 
shows the enlarged view of the recording element identifying 
marker step 6a. As shown in Fig. 15(b), the marker step 
(cyan) for identifying the position of each recording element 
of the red print head 30a, the marker step (magenta) for 
identifying the position of each recording element of the 
green print head 30b, and the marker step (yellow) for 
identifying the position of each recording element of the 
blue print head 30c are recorded. 

When a plurality of density measuring areas are 
recorded in the chart, recording element identifying marker 
steps should preferably recorded close to the density 
measuring area. 

The chart 3 is used to calibrate the CCD of the flat 
bed scanner 70. Calibration of the CCD is reduction of the 
variation in CCD light receiving sensitivity. The image used 
for CCD calculation is preferably the one that has the 
density of the non-linear portion (portions a, b and d of 
Fig. 11) of the characteristic curve of the photosensitive 
material . 

As shown by the characteristic curve of photosensitive 
material in Fig. 11, even if light is applied, its effect is 
not realized as an increase in density- (portion a; unexposed 
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portion) , until the amount of exposure exceeds a 
predetermined value (point A) . When the amount of exposure 
has reached a predetermined value, density starts to increase 
with the amount of exposure. From point A to point B, the 
characteristic curve exhibits a curve of downward convex form 
(portion b) . From point B to point C, the characteristic 
curve is linear and the change of the density with respect to 
the logarithm of the amount of exposure is constant (portion 
c) . When the amount of exposure has exceeded point C, an 
increase in the density with respect to the logarithm of the 
amount of exposure is slowed down, and the characteristic 
curve exhibits a curve of upward convex form (portion d) . To 
be more specific, at portions a, b (low density) and d (high 
density) where the characteristic curve is not linear, there 
is a small change in the image density with respect to the 
change in the amount of exposure as compared to portion c 
(intermediate density) where the characteristic curve is 
linear. This means a greater resistance to impact of the 
variation in the amount of exposure of the recording element 
upon change in density. 

When color development has occurred due to other than 
the exposure of the print head, for example, when there is 
coloring resulting from residual color, stain or fogging of 
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the photosensitive material due to slight light leakage, that 
portion is regarded as an unexposed portion. If clear 
coloring has been visually observed, re-printing or some 
other action should be taken. It is preferred not to be used 
for calculation for correction. 

The image for calibrating the CCD may be located at one 
position or more than one position. When images are present 
at more than one position, they may have the same density or 
different densities . 

When the photosensitive material is a cut sheet for cut 
sheet transfer - not a roll paper, then the correction image 
is preferred to be recorded at the central position of the 
chart in the direction of transfer in order to avoid 
contamination due to a developer. The leading side is 
preferred to have a portion where an image is not recorded. 
Further, when an image is read by the flat bed scanner 70, it 
is preferred that no image be recorded on the leading portion 
of the chart, since there is a variation on the leading 
portion . 

For the size of the chart, for example, when recording 
is made after the development paper has been cut, it is 
preferred that the vertical length (LV) along the direction 
vertical to the direction where recording element of the 



136 



6378 



print head 30 are arranged be not much greater than the 
horizontal length (LH) along the direction here recording 
element of the print head 30 are arranged. From the 
viewpoint of transportability of the photosensitive material, 
reduction of paper loss and impact on development process, 
the LV/LH is preferably 2.0 times or less, more preferably 
1.2 times or less and still more preferably 0.9 times or 
less. 

The following describes correction of the unevenness of 
density of the image forming apparatus 10. Correction of 
unevenness of density is performed to reduce the variation in 
the recording characteristics of each reference surface of 
the print head 30 and to get uniform amount of exposure. 

As shown in Fig. 16, the chart 3 (Fig. 15(a)) with 
correction image recorded thereon is outputted (Step SB1) . 
The chart 3 is set on the flat bed scanner 70 to start 
scanning of the correction image and to measure the density 
(Step SB2) . In other words, image information is obtained 
from correction image. To put it more specifically, the 
density data corresponding to each of the fundamental colors 
RGB in each position of the correction image is outputted to 
the correction processor 60. 
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The chart 3 is set in such a way that the direction 
where recording elements of the print head 30 are arranged is 
the same as the direction where CCDs of the flat bed scanner 
7 0 are arranged, namely, the angle formed by the direction 
where recording elements are arranged and the direction where 
CCDs are arranged is kept within ± 10 degrees. To ensure a 
high-precision density of correction image corresponding to 
each recording element, it is preferred that the flat bed 
scanner 70 read the correction image at a resolution higher 
than that of recording by the print head 30. 

Based on the image information gained from correction 
image, calibration of the CCD is carried out (Step SB3) . The 
image information having the density of the non-exposure 
section of correction image or the non-linear portion of the 
characteristic curve of the photosensitive material is used 
for calibration of the CCD. In the subsequent processing, 
the result of the CCD calibration is reflected in the density 
data corresponding to each of the fundamental colors RGB. 

In the next step, the inclination of the scanned image 
is evaluated (Step SB4) . Referring to the schematic diagram 
of the image information obtained by the flat bed scanner 70 
shown in Fig. 17(a) and Fig. 17(b), the following describes 
the procedures of evaluating the inclination of the image. 
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As shown in Fig. 17(a) and Fig. 17(b), image information 
contains inclination determination markers 7a and 7b, and the 
portion 8 used for calculation of correction. 

In the obtained image information, image processing 
such as binarization using a given threshold value, and 
position determining processing using the center of gravity 
or Feret's diameter in order to determine the position of 
inclination determination markers 7a and 7b. To remove the 
adverse effect of dust and soil, it is also possible to make 
such arrangements that the area of the inclination 
determination markers 7a and 7b, moment and anticipated 
position range are preset, and the positions of the 
inclination determination markers 7a and 7b are determined by 
comparison with the obtained image information. 

As shown in Fig. 17(a), the distance X in the direction 
where the CCDs are arranged, between the inclination 
determination markers 7a and 7b, and the distance Y vertical 
to the direction where the CCDs are arranged are obtained 
from the positions of the inclination determination markers 
7a and 7b. Then the inclination 0 of image is determined 
(tan 9 = Y/X) . 
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Based on the inclination 9 of image determined, 
processing of rotation is applied to image information (Step 
SB5) . Use of affine transformation is preferred in the 
processing of rotation. The image information is converted 
into the image information free of inclination by processing 
of the rotation of angle 9. 

Density data corresponding to each of the recording 
elements of the red print head 30a, green print head 30b and 
blue print head 30c is identified based on the result of 
measuring the density of the recording element identifying 
marker steps 6a and 6b (Step SB6) . 

The amount of correction is calculated for each of the 
print heads 30. Assume that the density data corresponding 
to the recording element i of the print head 30 is D ± . When 
there are a plurality of density data items in the same image 
data corresponding to the recording element i of the print 
head 30, it is possible to use an average of them or the 
representative value such as median. 

Then the average value D Q of density data Di in the 
direction where recording elements are arranged is calculated 
(Step SB7 ) . The average value D Q is compared with density 
data Di of the recording element (Step SB8), and the amount 
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of correction for recording element i Ci= D Q /Di is calculated 
(Step SB9) . 

When an image is formed by the image forming apparatus 
10, the image data and amount of correction Ci calculated by 
the correction processor 60 are multiplied by the print head 
controller 40, and the result is outputted to the print head 
30. 

Before correction of the recording element is 
processed, the color balance setup is preferred to have been 
terminated. The color balance setup is to intended to ensure 
that a desired density can be obtained for the image data of 
each fundamental color, and is defined as the act of 
adjusting the average of the amount recorded by the print 
head 30 or the amount of exposure or taking other similar 
action, thereby adjusting the color balance between print 
heads 30. Further, it is preferred that adjustment can be 
made for each of the RGB. 

The following describes the results of various 
experiments conducted by outputting of images using the image 
forming apparatus 10: 

(Experiment 1) 

In Experiment 1, when the outputted correction image 
was set on the flat bed scanner 70, correction time was 
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evaluated by changing the angle of the array-shaped print 
head with respect to the direction where CCDs was arranged. 
Evaluation was made: 

<1> when the direction where recording elements were 
arranged with respect to the correction image shown in Fig. 
15(a) was set vertical to the direction where CCDs were 
arranged (vertical direction) / 

<2> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 0 degree (horizontal direction) ; 

<3> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 1 degree (horizontal direction) ; 

<4> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 5 degrees (horizontal direction) / 

<5> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 10 degrees (horizontal direction) ; and 
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<6> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs are arranged 
was set to 11 degrees (horizontal direction) . 

After the recording elements of the print head 30 in 
each of the fundamental colors RGB were corrected, unevenness 
of density were evaluated by visual inspection. A portrait 
image containing the gray gradation was used for evaluation, 
and was compared according to the following criteria. In the 
following experiments, this evaluation image will be used to 
evaluate the unevenness of density. The results areshown in 
the following five grades. This applies to the evaluation of 
the subsequent experiments: 

Excellent: Extremely good image quality completely 
free of any unevenness of density 

Good: Very good image quality despite slight 
unevenness of density of high-frequency component partially 
observable 

Passable: Good image quality despite unevenness of 
density of high-frequency component slightly observable 

Bad: Poor image quality with unevenness of density 
observable 
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Very bad: Deteriorated image quality with unevenness 
of density clearly observable 

In the portion of approximately uniform density in the 
evaluation image, density data of about 500 pixels were 
measured for density R to get the value 3a R /\i R (%) obtained 
by dividing the value equivalent to three times the standard 
deviation a R of the density R data, by the average value \i R 
of the density R data. This value is used as an indicator 
for unevenness of density to show the variation of the 
density data. 

Fig. 18 shows the result of evaluation in Experiment 1. 
The correction time was shown in terms of the percentage 
based on the case <1> when set in the vertical direction. 
<2> When the angle formed by the direction where recording 
elements were arranged with respect to the correction image 
and the direction where CCDs were arranged was set to 0 
degree (horizontal direction) , the scan area was smaller than 
<1> when set in the vertical direction, with the result that 
correction time was reduced to about 55%. The correction 
time exhibited an increase with the angle formed by the 
direction where recording elements were arranged with respect 
to the correction image and the direction where CCDs were 
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arranged (<3> through <6>) . Comparison was made between the 
cases <5> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was 10, and <6> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs are arranged 
was set to 11 degrees. This comparison shows that the 
difference in correction time is 23% with reference to the 
value when set in the vertical direction. This indicates 
that it is preferred that the angle formed by the direction 
where recording elements are arranged with respect to the 
correction image and the direction where CCDs are arranged 
should not exceed 10 degrees. 

In the visual evaluation of the unevenness of density, 
<1> when set in the vertical direction, the image showed a 
deteriorated quality with unevenness of density clearly 
observable (Very bad) . When set in the horizontal direction 
in <2> through <4> (at angles of 0, 1 and 5 deg.), the image 
showed very good quality despite slight unevenness of density 
of high-frequency component partially observable (Good) . <5> 
When the angle formed by the direction where recording 
elements were arranged with respect to the correction image 
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and the direction where CCDs were arranged was set to 10 
degrees, the image showed good quality despite unevenness of 
density of high-frequency component slightly observable 
(Passable) . <6> When the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 11 degrees, the image showed poor quality with 
unevenness of density observable (Bad) . 

Fig. 18 shows the numerical evaluation 3g r /|J,r (%) of 
unevenness of density. This value is represented in 
percentage based on the [i R of 3a R . The variation of data was 
the greatest when set in the vertical direction. When set in 
the horizontal direction, the correction time exhibited an 
increase with the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged. 

As shown in Experiment 1, when the direction where 
recording elements were arranged with respect to the 
correction image was made the same as the direction where 
CCDs were arranged, the scan range of the flat bed scanner 70 
was reduced, and the variation in the CCD transfer could be 
kept at a comparatively low level. Further, the tolerance to 
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the inclination of the correction image was improved and 
correction time was reduced. This had led to quick and high- 
precision correction of the variations of recording elements, 
and efficient reduction of unevenness of density. 
(Experiment 2) 

In Experiment 2, with attention paid to the unevenness 
of density, especially unevenness of density of high- 
frequency components, visual evaluation (portrait image 
including gray gradation) was conducted based on the same 
evaluation criteria as those in Experiment 1, in two cases; 
<1> when the CCD of the flat bed scanner 70 is calibrated and 
<2) when not calibrated. Setting was made in such a way that 
the angle formed by the direction where recording elements 
were arranged with respect to the correction image and the 
direction where CCDs were arranged was 0 degree. 

Fig. 19 shows the results of evaluation in Experiment 
2. In the visual evaluation of unevenness of density, the 
image showed extremely good quality completely free of any 
unevenness of density (Excellent) <1> when the CCD of the 
flat bed scanner 70 is calibrated. The image exhibited very 
good quality despite slight unevenness of density of high- 
frequency component partially observable (Good) <2) when not 
calibrated. 
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Further, unevenness of density were effectively 
improved by calibration of the CCD in the non-exposure 
section of correction image. 

As shown in the result of Experiment 2, accuracy of 
feedback to the recording element of the print head was 
improved and unevenness of density of high-frequency 
components were reduced by calibration of the CCD and 
reduction of the variation in individual light receiving 
sensitivities . 

Calibration of the CCD in the non-exposure section of 
correction image permits the CCD to be calibrated in the same 
state as that in scanning the portion to be used for 
calculation of calibration. This allows the variations of 
the recording elements of the print head to be corrected 
based on the correct understanding of the CCD variations, 
with the result that correction precision is improved. 

(Experiment 3) 

In Experiment 3, comparison was made among the 
following four densities of the image used for calibrated of 
the CCD of the flat bed scanner 70: 

<1> low density (non-linear portion: portion b of Fig. 

11) ; 
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<2> intermediate density (linear portion: portion c of 
Fig. 11); 

<3> high density (non-linear portion: portion d of 
Fig. 11 ) ; and 

<4> intermediate density in vertical setting. 

Visual evaluation (portrait image including gray 
gradation) was conducted on the unevenness of density after 
correction. Setting was made in such a way that the angle 
formed by the direction where recording elements were 
arranged with respect to the correction image and the 
direction where CCDs were arranged was 0 degree. 

In the portion of approximately uniform density in the 
evaluation image, density data of about 1000 pixels was 
measured for density R to get the value 3a R /|a R (%) obtained 
by dividing the value equivalent to three times the standard 
deviation a R of the density R data, by the average value \x R 
of the density R data. 

Fig. 20 shows the evaluation image in Experiment 3. In 
the visual evaluation of the unevenness of density, the image 
exhibited extremely good quality completely free of any 
unevenness of density (Excellent) when the image of <1> low 
density (non-linear section) was set in the horizontal 
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direction, and the image of <3> high density (non-linear 
section) was set in the horizontal direction. When the image 
of <2> intermediate density (linear section) was set in the 
horizontal direction, the image exhibited very good quality 
despite slight unevenness of density of high-frequency 
component partially observable (Good) . When the image of <4> 
intermediate density in vertical setting was set in the 
vertical direction, the image showed deteriorated quality 
with unevenness of density clearly observable (Very bad) . 

In the numerical evaluation 3a R /fi R (%) of unevenness of 
density, the variation of data was smaller when the image of 
<3> high density (non-linear section) or <1> low density 
(non-linear section) was used than when the image of 
intermediate density was used. The greatest variation of 
density data was observed when in the case of <4> vertical 
setting . 

As shown in the result of Experiment 3, the variation 
of density caused by the variation in the amount of exposure 
of the recording element could be reduced by performing 
calibration using the non-linear section of the 
characteristic curve in the photosensitive material i.e. the 
portion exhibiting a shift to soft gradation, 
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This led to improved precision in the calibration of 
CCD variations and high-precision reduction of unevenness of 
density . 

(Experiment 4) 

In Experiment 4, using the image forming apparatus 10 
that had not been processing for one week, dust and 
contamination were made to be attached to the outputted 
correction image and the recording elements were corrected. 
The density data used for correction was selected and the 
percentage of use for correction of density data was changed 
as follows:<l> 100% (no selection), <2> 96%, <3> 95%, <4> 
90%, <5> 80%, <6> 30%, <7> 20%, <8> 10% and <9> 9%. 
Correction was made for each of them. Visual evaluation 
(portrait image including gray gradation) was conducted on 
the unevenness of density after correction. 

The density data to be used was selected as follows: 
The maximum value and/or minimum density data items were 
excluded from a plurality of density data items with respect 
to each recording element until the percentage of each 
condition was reached. Setting was made in such a way that 
the angle formed by the direction where recording elements 
were arranged with respect to the correction image and the 
direction where CCDs were arranged was 0 degree. 
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In the portion of approximately uniform density in the 
evaluation image, density data of about 1000 pixels were 
measured for density G to get the value 3a G /(J. G (%) obtained 
by dividing the value equivalent to three times the standard 
deviation a G of the density G data, by the average value |i G 
of the density G data. 

Fig, 21 shows the result of evaluation in Experiment 4. 
In the visual evaluation of unevenness of density, <1> when 
density data usage rate was 100%, the image exhibited 
deteriorated quality with unevenness of density clearly 
observable (Very bad) . <2> When density data usage rate was 
96%, the image exhibited good quality despite unevenness of 
density of high-frequency component slightly observable 
(Passable) • <3> When density data usage rate was 95%, the 
image exhibited very good quality despite slight unevenness 
of density of high-frequency component partially observable 
(Good) . When density data usage rates were <4> 90%, <5> 80%, 
<6) 30% and <7> 20%, the image exhibited extremely good 
quality completely free of any unevenness of density 
(Excellent) . <8> When density data usage rate was 10%, the 
image exhibited very good quality despite slight unevenness 
of density of high-frequency component partially observable 
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(Good) . <9> when density data usage rate was 9%, the image 
exhibited good quality despite unevenness of density of high- 
frequency component slightly observable (Passable) . 

In the numerical evaluation (3a G /|i G (%) ) of unevenness 
of density, when the density data usage rate was 100%, the 
variation of G density data of the evaluation image was the 
greatest. When the density data usage rate was reduced in 
the order of <2> 96%, <3> 95%, <4> 90% and <5> 80%, the 
variation of the G density data was reduced. In the 
Experiment 5, the variation was the smallest <6> when the 
density data usage rate was 30%. If the amount of the data 
to be used was reduced too much, correction precision was 
deteriorated. Thus, the variation of the G density data was 
increased as the density data usage rate was reduced in the 
order of <7> 20%, <8> 10% and <9> 9%. 

As shown in the results of Experiment 4, the amount of 
correction is obtained based on the data selected from a 
plurality of density data obtained from the correction image, 
whereby faulty data resulting from the dust, soil and 
contamination of the photosensitive material can be 
eliminated. This arrangement improves the tolerance to the 
faulty data that may cause deterioration of correction 
precision and brings about excellent results of high- 
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precision correction, and hence, reduced unevenness of 
density. 

The maximum value and/or minimum density data items 
were excluded from a plurality of density data items with 
respect to each recording element, 95% or less of the density 
data was used. Thus, high-precision correction. results and 
reduced unevenness of density could be ensured due to an 
increased number of data items to be excluded. 

(Experiment 5) 

In Experiment 5, using the image forming apparatus 10 
that had not been processing for one week, dust and 
contamination were made to be attached to the outputted 
correction image and the recording elements were corrected, 
similarly to Experiment 4. The density data used for 
correction was selected in such a way that 3 a would be <1> 
0.11 |a, <2> 0.1 (X, <3> 0.05 fa and <4> 0.01 \x, where the 
standard deviation of the recording element subsequent to 
selection was o and the average value was fi. Correction was 
carried out based on the selected data, and the unevenness of 
density subsequent to correction were visually evaluated 
(portrait image including the gray gradation) . For the sake 
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of comparison, evaluation was also made of <5> the case 
where density data was not selected. 

The density data to be used was selected as follows: 
The maximum value and/or minimum density data items were 
excluded from a plurality of density data items with respect 
to each recording element until the percentage of each 
condition was reached. Setting was made in such a way that 
the angle formed by the direction where recording elements 
were arranged with respect to the correction image and the 
direction where CCDs were arranged was 0 degree. 

In the portion having an approximately uniform density 
in the evaluation image, the density data equivalent to 500 
pixels was measured for density B to get the value 3o b /Hb (%) 
obtained by dividing the value equivalent to three times the 
standard deviation a B of the density B data, by the average 
value |a B of the density B data. 

Fig. 22 shows the result of evaluation in Experiment 5. 
In the visual evaluation of the unevenness of density, the 
image exhibited deteriorated quality with unevenness of 
density clearly observable (Very bad) , <5> when density data 
was not selected. When value 3a was <1> 0.11 \i, unevenness 
of density of high-frequency component was slightly 
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observable (Passable). When value 3a was <2> 0.1 \x f slight 
unevenness of density of high-frequency component were 
partially observable (Good). When value 3a was <3> 0.05 \x, 
the image exhibited extremely good quality completely free of 
any unevenness of density (Excellent) . 

In the numerical evaluation (3a B /|J.B (%) ) of unevenness 
of density, <5> when density data was not selected, there was 
a big variation in the density B data of the evaluation 
image. The variation of the density B data of the evaluation 
image was reduced with 3a/|a of the density data subsequent to 
selection. Especially when 3a value was <1> 0.11 \x, 3a B /n B 
(%) was 13.89. By contrast, when 3a value was <2> 0.1 [i, 

3a B /n B (%) was 5.7 6, showing a substantial reduction in the 
variation of density B data. 

As shown by the result of Experiment 5, correction was 
calculated using the density data of smaller variation having 
3a value of 0.1 ^ or less, thereby getting high-precision 
correction results . 

(Experiment 6) 

In Experiment 6, unevenness of density subsequent to 
correction (portrait image including the gray gradation) were 
visually evaluated by changing conditions according to the 
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angle of the array-shaped print head in the direction where 
the CCDs were arranged when the outputted correction image 
was mounted on the flat bed scanner 70, and according to 
whether processing of rotation using the affine 
transformation is applied or not at the time of correction. 
In this case, the angle of rotation in the processing of 
rotation was obtained by working out the inclination angle 
using the inclination determination markers 5a and 5b. 
Evaluation was made: 

<1> when the direction where recording elements were 
arranged with respect to the correction image was set 
vertical to the direction where CCDs were arranged (vertical 
direction) and processing of rotation was not applied; 

<2> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 4.8 degree (horizontal direction) and processing 
of rotation was applied; 

<3> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 4.8 degree (horizontal direction) and processing 
of rotation was not applied; 
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<4> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 9.5 degrees (horizontal direction) and processing 
of rotation was applied; and 

<5> when the angle formed by the direction where 
recording elements were arranged with respect to the 
correction image and the direction where CCDs were arranged 
was set to 9.5 degrees (horizontal direction) and processing 
of rotation was not applied. 

In the portion having an approximately uniform density 
in the evaluation image, the density data equivalent to 
approximately 1000 pixels was measured for density B to get 
the value 3(j b /Hb (%) obtained by dividing the value 
equivalent to three times the standard deviation a B of the 
density B data, by the average value \i B of the density B 
data. 

Fig. 23 shows the result of evaluation in Experiment 6. 
In the visual evaluation of the unevenness of density, the 
image exhibited deteriorated quality with unevenness of 
density clearly observable (Very bad) <1> when the correction 
image was set in the vertical direction and processing of 
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rotation was not applied. When the correction image is set 
in the horizontal direction and processing of rotation was 
not applied, slight unevenness of density of high-frequency 
component were partially observable (Good) if the set angle 
was <3> 4.8, and unevenness of density of high-frequency 
component were slightly observable (Passable) if the set 
angle was <5> 9.5. When the correction image is set in the 
horizontal direction and processing of rotation was applied, 
the image exhibited extremely good quality completely free of 
any unevenness of density (Excellent) if the set angle was 
<2> 4.8 and <4> 9.5. 

In the numerical evaluation ( 3ob/ Hb (%) ) of unevenness 
of density, when the correction image was set in the 
horizontal direction and processing of rotation was applied, 
the variation in the density B data of the evaluation image 
was small if the set angle was <2> 4.8 and <4> 9.5. 

As shown by the result of Experiment 6, when 
application of rotation was applied to the image information 
obtained from the correction image, it was possible to 
accurately identify the image density corresponding to each 
recording element and to improve precision in the correction 
of unevenness of density. Further, the inclination angle is 
identified by using the inclination determination markers 5a 
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and 5b, This arrangement ensures easy determination of the 
angle where processing of rotation is applied, and permits 
easy calculation of correction using a simple apparatus. 
(Experiment 7 ) 

In Experiment 7, the effect of a pushing member was 
evaluated when the correction image was read by the flat bed 
scanner 70. A black rubber characterized by low static 
build-up and approximately uniform density was used as the 
pushing member. The chart was held and set in position by 
the black rubber when the correction image was read. 

Use of the pushing member allows the image edge to be 
evaluated with high accuracy, and prevents paper from getting 
loose and bent, with the result that the unevenness of 
density of low-frequency components can be reduced and 
correction precision was improved. 

(Experiment 8 ) 

In Experiment 8, the ratio between the number of lines 
used for correction image and that used in the measurement of 
density was changed under the conditions shown in Fig. 10, 
thereby finding the number of corrections required until 
there was no unevenness of density in visual evaluation. Then 
an evaluation was made of the unevenness of density 
subsequent to correction. Setting was made in such a way 
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that the angle formed by the direction where recording 
elements were arranged with respect to the correction image 
and the direction where CCDs were arranged was 0 degree. 

Fig. 10 shows the result of Experiment 8. As shown in 
Fig. 10, the same effect as that in Experiment 5 on the first 
embodiment was obtained in Experiment 8 . 

It should be noted that description in the 
aforementioned embodiment refers to a preferred example of an 
image forming apparatus according to the present invention, 
without being restricted thereto. The detailed 
configurations and operations of each component of the image 
forming apparatus in the aforementioned embodiment can be 
modified as needed, without departing from the spirit of the 
invention. 

For example, the print head with recording element 
placed in an array form can be of any type as long as it is 
configured in such a way that a plurality of recording 
elements are arranged in a predetermined interval in one row 
or a plurality of rows in order to get a predetermined 
resolution. Preferred examples of the print head placed in 
an array include a printer head where LED light emitting 
devices or vacuum fluorescent tubes are arranged, a PLZT 
print head using an appropriate backlight, an optical shutter 
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array such as a liquid crystal shutter array print head, a 
semiconductors placed in an array form, a thermal head, and a 
light emitting device based on electroluminance phenomenon 
such as an organic EL material. 

Preferred image forming apparatuses include the one 
capable of recording on the silver halide photosensitive 
material using various recording element arrays, and the one 
for recording with a thermal head using sublimation ink. 

In the aforementioned embodiment, the CCD was 
calibrated using the chart 3 recording the correction image 
for correcting the recording element. It is also possible to 
make such arrangements that a special-purpose image for 
calibrating the CCD is outputted to calibrate the CCD. In 
this case, however, there is slight variation in the light 
receiving sensitivity of the array-shaped print head CCD, 
depending on various conditions such as the time elapsed 
after the flat bed scanner 70 has been energized, or the 
frequency of use. So it is preferred that correction image be 
read shortly after calibration of the CCD. 

In the aforementioned embodiment, the description was 
based on inclination determination markers 5a and 5b provided 
at two positions. A greater number of inclination 
determination markers can be provided. 
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In the aforementioned embodiment, the density data of 
each color of RGB was used as the readout information 
obtained from the image, but the readout information is not 
restricted thereto. It can be information on reflection 
factor, transmittance coefficient or light absorption 
coefficient. Alternatively, it can be a function value 
corresponding to these. 

The following describes a third embodiment. The 
schematic configuration of the image forming apparatus as the 
third embodiment is the same as that of the first and second 
embodiments shown in Figs. 1 through 3. To conform to the 
third embodiment, the schematic configuration will be 
described below: 

As shown in Fig. 1, the image forming apparatus 10 in 
the third embodiment contains a support drum 1, a red print 
head 30a, a green print head 30b, a blue print head 30c, 
print head controller 40, correction processor 60, flat bed 
scanner 7 0, etc . 

The development paper for color photograph as silver 
halide photosensitive material is transferred out of the roll 
of the support drum 1 by the drive source (not illustrated) , 
in the arrow-marked direction. Then the red print head 30a, 
green print head 30b and blue print head 30c sequentially 
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expose light to a predetermined position of the development 
paper 2, based on the exposure control in response to the 
image information to be outputted by the print head 
controller 40. A latent color image is formed on the 
development paper 2. Upon termination of this exposure 
process, the development paper 2 is transferred to the 
development process by means of the support drum 1. 

The red print head 30a, green print head 30b and blue 
print head 30c have a light source as recording elements 
arranged in one or more than one array. An LED (Light- 
Emitting Diode) light source is used as the red print head 
30a. The green print head 30b and blue print head 30c are 
composed of vacuum fluorescent print heads characterized by 
comparatively high brightness and quick response and capable 
of easy color decomposition by use of a color filter. The 
development paper 2 need not be roll paper; it can be a cut 
sheet. The development paper 2 can be transferred by any 
method. 

As shown in Fig. 3, the red print head 30a comprises a 
shift register 31, latch circuit 32, driver circuit 33, 
recording element array 34, SELFOC lens array 35, etc. This 
composition also applies to the green print head 30b and blue 
print head 30c. 
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In the red print head 30a (as well as green print head 
30b and blue print head 30c), the MSB (Most Significant Bit) 
data is sent to the shift register 31 as image bit data for 
one line from the print head controller 40. When the set 
pulse signal is inputted into the latch circuit 32 from the 
print head controller 40, the MSB data synchronized with the 
set pulse signal is latched to the latch circuit 32, where 
the data for one line is collectively latched. The image bit 
data refers to the specific bit data of the output image 
information. 

The enable signal in conformity to gradation is 
inputted into the driver circuit 33 from the print head 
controller 40, the red print head 30a provides drive control 
in response to the enable signal, and light is emitted in 
response to the MSB data latched to the latch circuit 32. To 
be more specific, the driver circuit 33 sends the drive 
signal to the device, having the latched data of "1", of the 
recording element array 34 on a selective basis so that light 
is emitted for the time range of the enable signal. Light is 
applied onto the development paper 2 through a SELFOC lens 
array 35 to form a latent image thereon. This processing is 
applied to all bits successively from the MSB to the LSB 
(Least Significant Bit), thereby completing recording of one 



165 



6378 



line. There is no restriction to the order of the bit; 
processing may be started from LSB or some other order may be 
used. 

When 8-bit image information is inputted for each of 
the red, green and blue colors, the print head controller 40 
converts the input image information into the 12-bit output 
image information according to the output value conversion 
table LUT including the information on the amount of 
exposure. In this case, the output image information 
corresponds to one-line serial digital data for each 
recording element. The set pulse signal for sending the 
image bit data to the latch circuit 32 and the enable data 
for controlling the light emitting time are generated, and 
these image bit data, set pulse signal and enable signal are 
outputted to each of the red print head 30a, green print head 
30b and blue print head 30c. 

The print head controller 40 controls the enable 
signal, based on the light amount correction coefficient for 
correcting the light emission characteristics of the red 
print head 30a, green print head 30b and blue print head 30c, 
inputted from the correction processor 60, and adjusts the 
light emission characteristics of the red print head 30a, 
green print head 30b and blue print head 30c. 



166 



6378 



The VFPH having the light emission characteristics for 
the green and blue components is provided with green/blue 
color decomposition filters (not illustrated) on the lower 
portion of the SELFOC lens array 35. The print head 
controller 40 provides recording control by sequentially 
shifting the exposure timing of the red print head 30a, green 
print head 30b and blue print head 30c so that the image 
information sent for each color is recorded at a 
predetermined position of the development paper 2. This 
arrangement allows color images to be recorded properly on 
the development paper 2 . 

The correction processor 60 calculates the light amount 
correction coefficient for correcting the light emission 
characteristics of the red print head 30a, green print head 
30b and blue print head 30c, from the density information, 
and outputs the result to the print head controller 40. 

The following describes the correction image 2a used in 
the present embodiment. The correction image 2a is recorded 
on the development paper 2 by the image forming apparatus 10, 
and is used to calculate the light amount correction 
coefficient and the amount of correction for amount of 
exposure . 
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It is possible to make such arrangements that 
correction images 2a are separately recorded by each of the 
red print head 30a, green print head 30b and blue print head 
30c, as shown in Fig. 7, and the dye for each of the 
fundamental colors YMC develops its color. It is also 
possible to make such arrangements that, as shown in Fig. 
4 (a) , the images are simultaneously recorded by the red print 
head 30a, green print head 30b and blue print head 30c, and 
the dye for each fundamental color develops its color at one 
and the same place. 

As shown in Fig. 4(a), in order to identify the density 
corresponding to each recording element of the red print head 
30a, green print head 30b and blue print head 30c, it is 
preferred that there be a clear definition of the order of 
arrangement of the recording elements of each of the red 
print head 30a, green print head 30b and blue print head 30c, 
and that correction image 2a have marker steps be provided to 
allow individual identification of each recording element. 

To meet the aforementioned purpose of use, the interval 
of the markers of the aforementioned maker steps is preferred 
to be smaller. For example, the interval of five pixels or 
less is preferable, and the one-pixel interval is the most 
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preferable- The interval of one pixel signifies repetition 
of ON/OFF operations. 

Since there may be concern about some error in the 
precision of installing the red print head 30a, green print 
head 30b and blue print head 30c, it is preferred that the 
correction image 2a have a marker step for each of the red 
print head 30a, green print head. 30b and blue print head 30c. 
When each of the fundamental colors has developed its color 
at one and the same place, as shown specifically in Fig. 
4 (b) , it is preferred that the correction image 2a be 
provided with a marker step for each fundamental color, i.e. 
for each of the red print head 30a, green print head 30b and 
blue print head 30c. 

In Fig. 4(a), the marker steps are located at one 
position alone, but can be located at multiple positions. 
Especially when recording is provided at multiple positions, 
the marker step is preferred to be provided close to the 
recorded position, and markers are preferred to be provided 
at multiple positions. They are preferred to be located 
between recorded positions. 

When the correction image 2a has multiple marker steps, 
it is preferred that the multiple marker steps be recorded 
(i.e. printed) by the same recording element. 
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When the correction image 2a is recorded on the 
development paper 2 of a cut sheet - not a roll paper, 
correction image 2a is preferred to be recorded at the 
central position of the development paper 2. The leading 
side is preferred to have a portion where an image is not 
recorded. 

For the correction image 2a, when each of the 
fundamental colors YMC is separately recorded on the 
development paper 2 by each of the red print head 30a, green 
print head 30b and blue print head 30c, it is preferred, from 
the viewpoint of effective development, that the development 
paper 2 be sent to the development processor so that the 
portion made up of the yellow dye is processed in the final 
step . 

For correction image 2a, it is preferred that a 
plurality of image data items be recorded in a plurality of 
different areas with respect to development paper 2. It is 
preferred from the viewpoint of simplification of calculation 
procedure that recording be provided in the order running 
from the image data recorded at a lower density to the image 
data recorded at a higher density. From the viewpoint of 
development, the development paper 2 is preferred to be 
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transferred to the development processor to ensure that the 
portion recorded at a lower density is processed earlier. 
The following describes the operation: 

Referring to the flowchart given in Fig. 24, processing 
of image formation by the image forming apparatus 100 will be 
described. 

When 8-bit image information is inputted for each of 
the red, green and blue colors, the print head controller 40 
converts the input image information into the 12-bit output 
image information according to the output value conversion 
table LUT including the information on the amount of exposure 
(Step S2) . 

Fig. 32 shows an example of the output value conversion 
table LUT table used in the present embodiment. This output 
value conversion table LUT shows that correlation between the 
input and output values is non-linear. 

The print head controller 40 controls the enable 
signal, based on the light amount correction coefficient for 
correcting the light emission characteristics of the red 
print head 30a, green print head 30b and blue print head 30c, 
inputted from the correction processor 60, and adjusts the 
light emission characteristics of the red print head 30a, 
green print head 30b and blue print head 30c (Step S3) . 
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Then the print head controller 40 sends the 
aforementioned output image information for each color to 
each of the red print head 30a, green print head 30b and blue 
print head 30c (Step S4), and records it on the development 
paper 2 (Step S5) . 

Then development processing is applied to the 
development paper 2 with the output image recorded thereon 
(Step S6) . Upon completion of the development (Step S7) , the 
processing of image formation terminates (Step S7) . 

The following describes the Experiment 1 through 
Experiment 9 conducted using the image forming apparatus 10 
for constituting the above: In Experiment 1 through 
Experiment 4, the correction image 2a shown in Fig. 7 is 
used. The correction image 2a shown in Fig. 4(a) and Fig. 
4(b) is used in Experiments 5 through Experiment 9. 

(Experiment 1) 

Experiment 1 will be described first. In Experiment 1, 
comparison was made between the following two cases regarding 
the visual evaluation of the portrait image containing <1> 
required time and <2> gray gradation: 

Case 1: One correction image 2a is outputted, and 
correction of unevenness of density (i. e. calculation of 
light amount correction coefficient) and setup (i. e. change 
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of information on the amount of exposure) were both carried 
out based on the correction image 2a. In this case, either 
the one shown in Fig. 7 or Experiment 4 may be used as the 
correction image 2a. In the present embodiment, the one 
shown in Fig. 7 was used. In this case, the correction of 
the unevenness of density and setup were carried out by the 
correction processor 60 according to the flowchart given in 
Fig. 25. 

Case 2: Different correction images 2a between the 
correction of the unevenness of density and setup were 
outputted. I this case, the correction of the unevenness of 
density and setup were carried out by the correction 
processor 60 according to the flowchart given in Fig. 26(a). 
Setup was carried out by the correction processor 60 
according to the flowchart given in Fig. 26(b). 

The following describes the flowcharts of Fig. 25, and 
Fig. 26(a) and Fig. 26(b): This processing is processed by 
the correction processor 60 for each of the red print head 
30a, green print head 30b and blue print head 30c. 

Processing of the flowchart given in Fig. 25 will be 
described first. 

The correction processor 60 outputs the correction 
image 2a as shown in Fig. 7 or Fig. 4(a), for example. 
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Then when the correction image 2a outputted in the 
processing of Step Sll has been scanned by the flat bed 
scanner 70, and the image information gained by this scanning 
operation has been inputted (Step S12), the correction 
processor 60 identifies the position of each recording 
element on the correction image 2a, .from this inputted image 
information, based on the image information related to the 
marker step of the correction image 2a (Step S13) . 

After that, the correction processor 60 acquires the 
density corresponding to each recording element (Step S14) , 
and works out the average value D of each density (Step S15) . 

Then the correction processor 60 performs calculation 
of the light amount correction coefficient and change of 
amount of exposure, in parallel (Step S16) . 

The calculation of light amount correction coefficient 
will be described first. 

The correction processor 60 makes comparison between 
the aforementioned average density value D and the density 
corresponding to each recording element (Step S17), and 
calculates the light amount correction coefficient for each 
recording element (Step S18) . 

The change of the amount of exposure will be described 

below : 
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The correction processor 60 calculates the log (S) 
corresponding to the average density value D, based on the 
straight line of the inclination (y) of the characteristic 
curve of the photosensitive material as shown in Fig. 27 
(Step S19) . Further, the correction processor 60 calculates 
the amount of change AE in the amount of exposure, from the 
log (SO) corresponding to the target density D Q prepared in 
advance, according to the mathematical expression, AE = log 
(S) - log (SO) (Step S20) . 

In this case, "log (output value) " on the horizontal 
axis of the graph given in Fig. 27 is a logarithmic 
expression of the output value of the output image 
information converted by the output conversion table LUT . 
The "density" on the vertical scale is the density 
information of the output image. The output conversion table 
LUT used in this case is the one where correlation between 
the input value and output value is non-linear. 

The inclination (y) of the characteristic curve of the 
photosensitive material shown in Fig. 27 is known in advance 
according to the type of the photosensitive material. 

Then the correction processor 60 adds the 
aforementioned correction AE to the currently set amount of 
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exposure E to update the information on the amount of 
exposure (i. e. E + AE — > E Q ) (Step S21) . 

The correction processor 60 verifies that calculation 
of light amount correction coefficient and change of the 
amount of exposure have been completed (Step S22) , and 
terminates this processing. 

The following describes the processing shown in the 
flowchart of Fig. 26(a): This processing is in charge of 
merely calculating the light amount correction coefficient. 

The correction processor 60 outputs, for example, 
correction image 2a, as shown in Fig. 7 and Fig. 4(a) (Step 
S31) . 

Then when the correction image 2a outputted in the 
processing of Step S31 has been scanned by the flat bed 
scanner 70 and the image information gained by this scanning 
has been inputted (Step S32), the correction processor 60 
identifies the position of each recording element on the 
correction image 2a, from this inputted image information, 
based on the image information related to the marker step of 
the correction image 2a (Step S33) . 

After that, the correction processor 60 acquires the 
density corresponding to each recording element (Step S34), 
and works out the average value D of each density (Step S35) . 
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The correction processor 60 makes comparison between 
the aforementioned average density value D and the density 
corresponding to each recording element (Step S36) , and 
calculates the light amount correction coefficient for each 
recording element (Step S37) . The processing by this 
flowchart is now complete. 

The following describes the flowchart shown in Fig. 
26(b). This processing is in charge of only updating of the 
amount of exposure. 

The correction processor 60 outputs the filled-in 
images of gray color for bit map recorded in terms of output 
value SO of the output image information corresponding to 
each print head (Step S41) . 

Then when the filled-in images of gray color for bit 
map outputted in the processing of Step S31 has been scanned 
by the flat bed scanner 70, and the image information gained 
by this scanning operation has been inputted, the correction 
processor 60 identifies the position of each recording 
element on the correction image 2a, from this inputted image 
information, based on the image information related to the 
marker step of the correction image 2a. 
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After that, the correction processor 60 acquires the 
density corresponding to each recording element, and works 
out the average value D of each density (Step S42) . 

The correction processor 60 calculates the log (S) 
corresponding to the average density value D, based on the 
straight line of the inclination (y) of the characteristic 
curve of the photosensitive material as shown in Fig. 32 
(Step S43) . Further, the correction processor 60 calculates 
the amount of change AE in the amount of exposure E, from 
the log (SO) corresponding to the target density D Q prepared 
in advance, according to the mathematical expression, AE = 
log (S) - log (SO) (Step S44) . 

Then the correction processor 60 adds the 
aforementioned correction AE to the currently set amount of 
exposure E to update the information on the amount of 
exposure (i. e . E + AE E Q ) (Step S45) , thereby terminating 
this processing shown in this flowchart. 

According to the result of Experiment 1, the required 
time was reduced approximately 75% in Case 1 as compared to 
that in Case 2. Further, the output image in Case 1 was 
excellent . 
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When information on amount of exposure is obtained 
according to the statistic amount, it has been shown that the 
required time is further reduced approximately 70% in Case 1. 

(Experiment 2) 

The following describes the Experiment 2: Experiment 2 
was conducted in the following two cases: 

Case 1: The processing in Case 1 of Experiment 1 is 
repeated in sequence and the light amount correction 
coefficient obtained in the finally stage is evaluated. In 
this case, the light amount correction coefficient and amount 
of exposure are worked out as mutually independently 
correction amounts . 

Case 2: Processing in conformity to the flowchart of 
Fig. 28 is repeated, and correction coefficient obtained in 
the finally stage is evaluated. In this case, the light 
amount correction coefficient alone is worked out, without 
the amount of exposure being changed. In this case, the 
light amount correction coefficient depends on the amount of 
exposure . 

The light amount correction coefficient used in this 
Experiment is the numerical figure ranging from 0 through 
4095. The image used in Experiment 2 is corrected using the 
correction image 2a shown in Fig. 7, where information on 
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amount of exposure is adequately adjusted to get lower 
density. 

The following describes the processing shown in the 
flowchart of Fig. 28: This processing is performed by the 
correction processor 60 for each of the red print head 30a, 
green print head 30b and blue print head 30c. 

The correction processor 60 outputs the correction 
image 2a as shown in Fig. 7 or Fig. 4(a), for example (Step 
S51) . 

When the correction image 2a output ted in the 
processing of Step S51 has been scanned by the flat bed 
scanner 70, and the image information gained by this scanning 
operation has been inputted (Step S52), the correction 
processor 60 identifies the position of each recording 
element (e.g. i-th recording element is called recording 
element (i) ) on the correction image 2a, from this inputted 
image information, based on the image information related to 
the marker step of the correction image 2a (Step S53) . 

After that, the correction processor 60 acquires the 
density corresponding to each recording element (i) (Step 

554) , and works out the average value D of each density (Step 

555) . 
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Then the correction processor 60 performs calculation 
of the light amount correction coefficient C (i) 
corresponding to each recording element (i) and processing 
related to the amount of exposure, in parallel (Step S56) . 

The following describes the processing related to the 
amount of exposure: 

The correction processor 60 calculates the log (S) 
corresponding to the average density value D, based on the 
straight line of the inclination (y) of the characteristic 
curve of the photosensitive material as shown in Fig. 32 
(Step S57) . Further, the correction processor 60 calculates 
SO/S related to the amount of exposure, from the log (SO) 
corresponding to the target density D Q prepared in advance 
(Step S58) . 

The following describes the calculation of the light 
amount correction coefficient C (i) . 

The correction processor 60 makes comparison between 
the aforementioned average density value D and the density 
corresponding to each recording element (Step S59) , and 
calculates amount of correction of the recording 
characteristics corresponding to recording element (i) (Step 
S60) . 
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Then the correction processor 60 multiplies the light 
amount correction coefficient C (i) corresponding to each 
currently set recording element (i) , by the amount of 
correction of the recording characteristics corresponding to 
recording element (i) and the aforementioned SO/S as the 
amount common to each recording element (i), whereby a new 
light amount correction coefficient C (i) is calculated (Step 
S61) . The processing by this flowchart is now complete. 

According to the result of Experiment 2, the average of 
the light amount correction coefficient finally obtained in 
Case 1 is 2050, and the average of the light amount 
correction coefficient finally obtained in Case 2 is 4000. 
Thus, when the light amount correction coefficient is too 
large or too small, correction of the unevenness of density 
is insufficient in Case 2. It is preferred that light amount 
correction coefficient and information on amount of exposure 
have the functions independently of each other. 

(Experiment 3) 

Experiment 3 will be described: In Experiment 3, the 
same procedures as those in the Case 1 in Experiment 1 were 
taken when the density of the correction image 2a outputted 
in the processing of Step Sll of the flowchart in Fig. 25 
was : 
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<1> low (non-linear section shown by symbols a and b in 
Fig. 17(a) and Fig. 17(b)); 

<2> intermediate (linear section shown by symbol c in 
Fig. 17(a) and Fig. 17(b)); and 

<3> high (non-linear section shown by symbol d) . 

According to the result of Experiment 3, precision in 
correction of unevenness of density and setup were slightly 
reduced except in the case of <2>. 

(Experiment 4) 

The following describes Experiment 4: In Experiment 4, 
correction of unevenness of density and setup are both 
carried out based in the image recorded in two areas with 
respect to the correction image 2a. In this case, correction 
of unevenness of density and setup are performed by the 
correction processor 60 according to the flowchart of Fig, 
29. 

The following describes the processing shown in the 
flowchart of Fig. 29: This processing is carried out by the 
correction processor 60 for each of the red print head 30a, 
green print head 30b and blue print head 30c. 

The correction processor 60 outputs the correction 
image 2a shown in Fig. 4(a), for example (Step S71) . 
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Then when the correction image 2a outputted in the 
processing of Step S71 has been scanned by the flat bed 
scanner 7 0, and the image information gained by this scanning 
operation has been inputted (Step S72) , the correction 
processor 60 identifies the position of each recording 
element on the correction image 2a, from this inputted image 
information, based on the image information related to the 
marker step of the correction image 2a, In this case, the 
correction image 2a has two densities as shown in Fig. 4(a). 

After that, the correction processor 60 acquires the 
density corresponding to each density state and each 
recording element, and works out the average density value of 
each density step for each recording element, wherein this 
average density value is used as the density of each 
recording element (Step S74) . Then the average density value 
D is obtained by further averaging the average density values 
for density steps calculated above (Step S75) . 

Then the correction processor 60 performs calculation 
of the light amount correction coefficient and change of 
amount of exposure, in parallel (Step S76) . 

The following describes the calculation of light amount 
correction coefficient: 
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The correction processor 60 makes comparison between 
the aforementioned average density value D and the density 
corresponding to each recording element (Step S77) , and 
calculates the light amount correction coefficient for each 
recording element (Step S78). 

The following describes the updating of the amount of 
exposure : 

The correction processor 60 calculates the log (S) 
corresponding to the average density value D, based on the 
straight line of the inclination (y) of the characteristic 
curve of the photosensitive material as shown in Fig. 32 
(Step S79) . Further, the correction processor 60 calculates 
the amount of change AE in the amount of exposure E, from 
the log (SO) corresponding to the target density D Q prepared 
in advance, according to the mathematical expression, AE = 
log (S) - log (SO) (Step S80) . 

Then the correction processor 60 adds the 
aforementioned correction AE to the currently set amount of 
exposure E to update the information on the amount of 
exposure (i. e. E + AE — > E 0 ) (Step S81) . 

The correction processor 60 verifies that calculation 
of light amount correction coefficient and updating of the 
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amount of exposure have been completed (Step S82), and 
terminates this processing. 

According to the result of Experiment 4, precision in 
correction of unevenness of density and setup has been 
improved. 

(Experiment 5) 

Experiment 5 will be described: In Experiment 5, based 
on the image recorded in a plurality of areas of the 
correction image 2a, correction of unevenness of density and 
setup were started from the same level of deteriorated state 
with respect to unevenness of density and color balance, in 
the following three cases: 

<1> densities were approximately the same; 

<2> densities were different ; and 

<3> densities were based on a method other than that of 
the present invention. 

The number of corrections, required before correction 
of unevenness of density and setup were completed, was 
compared in terms of the number of outputted images. 

In this case, correction of unevenness of density and 
setup were carried out by the correction processor 60 
according to the flowchart of Fig. 30. 
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The following describes the processing to be applied 
according to the flowchart of Fig. 30. This processing is 
performed by the correction processor 60 for each of the red 
print head 30a, green print head 30b and blue print head 30c. 

When 8-bit image information is inputted for each of 
the red, green and blue colors, the print head controller 40 
converts the input image information into the 12-bit output 
image information according to the output value conversion 
table LUT including the information on the amount of exposure 
(Steps SI and S2 in Fig. 24) . As shown in Fig. 32, the output 
value conversion table LUT table shows that correlation 
between the input and output values is non-linear. 

Based on the aforementioned 12-bit output image 
information, the correction processor 60 outputs the 
correction image 2a with four density steps of Fig. 31 
recorded thereon. (Step S91) . Densities in these four 
density steps are assumed to be mutually different. 

Then when the correction image 2a outputted in the 
processing of Step S91 has been scanned by the flat bed 
scanner 70, and the image information gained by this scanning 
operation has been inputted (Step S92), the correction 
processor 60 identifies the position of each recording 
element (i) on the correction image 2a, from this inputted 
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image information, based on the image information related to 
the marker step of the correction image 2a (Steps S93 and 

594) . 

After that, the correction processor 60 acquires the 
density corresponding to each recording element (i) (Step 

595) , and works out the average density value D in each 
density step (Fig. 31) of the correction image 2a (ave-1 
through ave-4) and average value of all densities (ave-all) 
(Step S96) . 

In this case, ave-1 is the value obtained by averaging 
the density corresponding to each recording element (i) in 
the first stage (Fig. 31) of the density step of the 
correction image 2a. This also applies to ave-1 through ave- 
4 . 

Then the correction processor 60 performs calculation 
of the light amount correction coefficient and change of 
amount of exposure, in parallel (Step S97) . 

The following describes the calculation of light amount 
correction coefficient: 

The correction processor 60 calculates the average 
value ave-pix (i) in four density step for each recording 
element (i) . It then calculates light amount correction 
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coefficient of each recording element (i), based on the ave- 
all and ave-pix (i) (Steps S98 and S99) . 

The following describes the updating of the amount of 
exposure : 

As shown in Fig. 33, the correction processor 60 holds 
the target density D 0 in-between out of ave-1 through ave-4, 
and identifies two average density values closest to the D 0 . 
For example, in the example shown in Fig. 33, the correction 
processor 60 holds the D G in-between and identifies ave-2 and 
ave-3 as two average density values closest to the D 0 . 

In this case, "log (output value)" on the horizontal 
axis of the graph given in Fig. 33 is a logarithmic 
expression of the output value of the output image 
information converted by the output conversion table LUT . 
The "density" on the vertical scale is the density 
information of the output image. 

The correction processor 60 estimate from the 
regression line the log (S) where the target density D 0 can 
be realized by interpolating the aforementioned ave-2 and 
ave-3 (Step S100) . In this case, S-l through S-4 and S shown 
in Fig. 33 are the output value of the image information such 
that each density of ave-1 through ave-4 and D 0 is realized, 
with respect to this regression line. 
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After Step S100, the correction processor 60 calculates 
the amount of "change AE in the amount of exposure, based on 
the log (SO) as a logarithm of the output value SO of the 
currently set image information and the aforementioned log 
(S), according to the mathematical expression, AE = log (S) 
- log (SO) (Step S101) . 

Then the correction processor 60 adds the 
aforementioned correction AE to the currently set amount of 
exposure E to update the information on the amount of 
exposure (i. e. E + AE E G ) (Step S102) . 

The correction processor 60 verifies that calculation 
of light amount correction coefficient and change of the 
amount of exposure have been completed (Step S103) , and 
terminates this processing. 

In the aforementioned description of the flowchart of 
Fig. 30, the LUT was non-linear as shown in Fig. 32. In this 
case, as shown in Fig. 33, the characteristics of "log (S) 
density information" were also assumed to be non-linear. It 
should be noted, however, that the present invention is not 
restricted thereto. It is possible to make such arrangements 
as a special case that the LUT is linear and the 
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characteristics of "log (S) density information" is linear, 
as shown in Fig. 34, 

In such a case, the correction processor 60 estimates 
from the regression line the log (S) where the target density 
D 0 can be realized by interpolating the aforementioned ave-1 
and ave-4 (Step S100) , as shown in Fig. 34. The processing 
after Step S101 is the same as the above description. 

Four density steps are mentioned in the above 
description, but any number of density steps may be used. 

According to the result of Experiment 5, four sheets 
were used in the case of <1>, two in the case of <2> and 
twelve in the case of <3>. To put it another way, use of two 
images of different densities cuts down the time required for 
correction of unevenness of density and setup. 
(Experiment 6) 

Experiment 6 will be described: Experiment 6 was 
conducted when the development paper 2 with correction image 
2a recorded thereon was set as it was pressed against the 
read portion (not illustrated) of the flat bed scanner 70 by 
a pushing member such as rubber. This arrangement improves 
correction of the edge, and prevents paper from getting loose 
and bent, with the result that the unevenness of density of 
low-frequency components can be reduced. 
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(Experiment 7) 

Experiment 7 will be described: In Experiment 7, 
unevenness of density were evaluated based on the following 
evaluation standard. The result is given in Fig. 35. As 
shown in Fig. 35, the unevenness of density could be reduced 
when the width of the development paper 2 for recording the 
correction image 2a was 10 through 1000. Especially when the 
width of the development paper 2 was increased 10% or more, 
the correction image 2a could be reduced in size. This is 
preferred from the viewpoint of reducing calculation time and 
paper loss. 

The following describes the evaluation standard for 
evaluating the unevenness of density shown in Fig. 35. 
"Excellent" indicates that the image exhibits extremely good 
quality completely free of any unevenness of density. "Good" 
shows that the image exhibited very good quality despite 
slight unevenness of density of high-frequency component 
partially observable. "Passable" denotes that the image 
exhibits good quality despite unevenness of density of high- 
frequency component slightly observable. "Bad" indicates 
that the image exhibits poor quality with unevenness of 
density observable. "Very bad" means that the image exhibits 



192 



6378 



deteriorated quality with unevenness of density clearly 
observable . 

(Experiment 8) 

Experiment 8 will be described: In Experiment 8, the 
photosensitive material of the development paper 2 with 
correction image 2a recorded thereon was used as a silver 
halide photosensitive material. This arrangement has 
enhanced the effects of the present invention. 

(Experiment 9) 

Experiment 9 will be described: The photosensitive 
material of the development paper 2 with correction image 2a 
recorded thereon used in Experiment 9 was provided with a 
reflection support. This arrangement has upgraded the 
effects of the present invention. 

As described above, the image forming apparatus 10 as a 
third embodiment allows correction of unevenness of density 
and setup to be carried out in parallel. 

Thus, the aforementioned embodiment provides an image 
forming apparatus and image forming method capable of quick 
and accurate implementation of the preparatory work of 
correction of the unevenness of density and setup, prior to 
the start of full-scale operations. 
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The description of the aforementioned third embodiment 
shows a specific example of the image forming apparatus and 
image recording method according to the present invention, 
without being restricted thereto. The detailed configuration 
and operation of the image forming apparatus 10 of the 
present embodiment can be changed as appropriate, without 
departing from the spirit of the present invention. 

Referring to Fig. 36, the following describes the 
schematic configuration of an image forming apparatus 2 00 
adopting a PLZT shutter array printer head, as an example of 
a print head for recording on a recording material using a 
common print head by switching between the beams of light of 
multiple wavelengths such as multiple fundamental colors. 

The image forming apparatus 200 consists of a white 
color light source 110, color filter 115, optical fiber array 
120, PLZT shutter array 130, SELFOC lens 140, transfer means 
150, filter switch controller 160, image data output 
controller 170, development paper transfer controller 180, 
exposure controller 190, correction processor 60, image 
reading device 70, etc. 

As shown in Fig. 36, the light having passed through 
the rotary type color filter 115 from the white color light 
source 110 is led to the PLZT shutter array 130 after passing 
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through the optical fiber array 120, and is exposed at a 
predetermined position of the development paper 102. 
Exposure is carried out on the development paper 102 
transferred in the arrow-marked X direction by the transfer 
means 150 connected to and driven by a drive source (not 
illustrated) . 

The color filter 115 is designed in a disk-like form, 
and red (Red) , green (G) and blue (B) colors are arranged at 
the positions divided into three equal parts each at an angle 
of 120 degrees. The central shaft of this disk is linked 
with the drive source (not illustrated) . The RGB filters are 
arranged along the light path on a selective basis by the 
rotation of the color filter 115. 

The light of each of the RGB colors having passed 
through the color filter 115 is led to the PLZT shutter array 
130 by the optical fiber array 120. 

The PLZT shutter array 130 comprises multiple PLZT 
devices arranged in a one-row array in the direction (arrow- 
marked Y direction in Fig. 36) orthogonal to the direction 
(arrow-marked X direction in Fig. 36) where the development 
paper 102 is fed. The PLZT devices are arranged at intervals 
corresponding to the pixels. Exposure is performed while 
light is passing through the PLZT devices. The exposure time 
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is controlled in response to the image data, and gradation is 
represented. For example, when lower density is to be 
represented, exposure time is reduced. 

The light having passed through the PLZT shutter array 
130 forms an image on the development paper 102 by the SELFOC 
lens 140. 

The filter switch controller 160 rotates the color 
filter 115 in response to the image data of the in each of 
the exposure colors RGB, so that the color of light to be 
exposed is switched sequentially. 

The image data output controller 170 changes the 
voltage applied to the PLZT shutter array 130, in response to 
the image data in each of the exposure colors RGB, thereby 
controlling exposure time. The development paper transfer 
controller 180 controls the transfer means 150. 

Based on the amount of correction calculated by the 
correction processor 60, the exposure controller 190 updates 
the light amount correction coefficient. Based on the 
aforementioned updated light amount correction coefficient, 
it provides synchronous control of the filter switch 
controller 160, image data output controller 170 and 
development paper transfer controller 180 in response to the 
image data. In the manner described above, exposure is 
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performed at a predetermined position of the development 
paper 102 sequentially for each color, and latent color image 
is formed on the development paper 102. Upon completion of 
the exposure process, the development paper 102 is 
transferred to the development process that follows. 

The image forming apparatus 200 is different from the 
image forming apparatus 10 in the configuration of the 
portion where exposure is performed, but is the same in the 
method of calculating the amount of correction by the 
correction processor 60 and the method of acquiring the 
readout information by the image reading device 70. So the 
description of the image forming apparatus 200 will be 
omitted. 

The image forming apparatus 200 was used to conduct the 
same experiments as those in the aforementioned first, second 
and third embodiments. It has been confirmed that the results 
are the same as those obtained from the aforementioned 
experiments . 

According to the present invention, the following 
effects can be attained. 

(1) Since the influence of unevenness of density of other 
color are contained in the readout information of each 
fundamental color read out of the correction image, 
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unevenness of density, especially unevenness of density of 
low-frequency component, can be reduced with high efficiency. 

(2) Edges are formed by fundamental colors at the same time, 
the possibility of evaluation error is reduced, and 
evaluation of stable edges is ensured. 

(3) A correction image can be reduced in size as compared to 
the case of creating a correction image for each fundamental 
color. At the time of correction, the scanning range can be 
reduced, with the result that the time of calculation for 
correction is shortened. Moreover, a reduced paper loss and 
improved productivity are ensured. 

(4) It is possible to reduce the influence of the sub- 
absorption formed by the color developing dye of the 
photosensitive material so as to avoid extremely high density 
with respect to other colors. It is also possible to remove 
the influence of color turbidity, with the result that the 
readout information acquired becomes more accurate and high- 
precision correction can be performed. 

(5) The influence of unevenness of density of other colors 
can be removed by conducting the color conversion, even if. 
unevenness of density of other colors are very poor. This 
allows accurate high-precision correction to be realized. 
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Further, unevenness of density can be avoided by fewer 
corrections, even if unevenness of density have occurred. 

(6) The influence of unevenness of density of other colors 
can be removed by a relatively simple method, and quick and 
high-precision correction can be achieved. 

(7) Correction accuracy is further improved because the color 
balances of fundamental colors are matched, without influence 
of other colors. 

(8) Correction precision is improved because it is possible 
to reduce the variation of the readout information caused by 
the difference in the structure of images recorded on the 
photosensitive material by each print head. 

(9) Correction precision is improved by accurate evaluation 
of the image edge. Further, the unevenness of density of 
low- frequency components can be reduced by preventing the 
correction image from becoming loose. 

(10) The number of data items can be ensured and the average 
of the readout information data items can be stabilized by 
increasing the number of lines to 50 or more, whereby 
unevenness of density at high-frequency component can be 
reduced. If the number of data items is increased too much, 
the average of the readout information data will converge. 
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Thus, the number of lines is kept below 1, 000, thereby 
reducing the unused portion and calculation time. 

(11) Ten percent or more of the recorded number of lines are 
used for getting readout information, whereby the size of the 
correction image can be reduced and hence miniaturization of 
the image reading device can be achieved. 

(12) Unevenness of density are effectively reduced by use of 
a silver halide photosensitive material as a photosensitive 
material . 

(13) Unevenness of density is effectively reduced because the 
photosensitive material has a reflective substrate layer, 
serving as a reflection support. 

(14) As compared with the case of correction made using the 
high-density or low-density portion, correction precision can 
be improved because of the use of the portion with the 
gradation characteristics exhibiting a shift to hard 
gradation, i.e. the portion characterized by greater changes 
in image density than that in the amount of light. 

(15) The position-determining markers are used to determine 
the corresponding recording element. This enables an 
accurate feedback to each recording element by the amount of 
correction obtained from the readout information obtained. 
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(16) The recording elements of the print head with respect to 
the correction image and the light receiving devices of the 
image receiving head are arranged in the same direction. 
Thus, the scanning range of the image reading device can be 
reduced by using a longer correction image in the direction 
where recording elements are arranged. Further, this 
improves the tolerance for the inclination of the correction 
image, and reduces the correction time, thereby ensuring 
high-precision correction of the variation of the recording 
element in a short time and effective reduction of unevenness 
of density. 

(17) Rotation processing applied to the readout information, 
permits accurate identification of the readout information 
corresponding to each recording element and ensures improved 
high-precision correction of unevenness of density. 

(18) The inclination of the correction image is evaluated 
using the inclination determining marker recorded on the 
correction image, thereby ensuring easy determination of the 
angle for rotation processing and improved high-precision 
correction of unevenness of density. 

(19) Accuracy of feedback to the recording elements of the 
print head is improved by reducing the variation of the light 
receiving sensitivity of each light receiving device; hence 
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unevenness of density of high-frequency components are 
reduced. 

(20) The light receiving device can be calibrated in the same 
manner as when scanning the portion used for the calculation 
of correction. This allows correction of the variation of 
the recording elements of the print head, based on the 
identification of variations of the light receiving device, 
whereby high-precision correction is ensured. Further, the 
light receiving device can be calibrated by a shared use of 
the image reading device, without having to use another light 
measuring unit. This arrangement provides easy calibration. 

(21) The fluctuation of the density resulting from the 
variation in the amount of exposure of the recording element 
can be reduced because calibration of each light receiving 
device is carried out using the non-linear portion of the 
characteristic curve of the photosensitive material, i.e. the 
portion exhibiting a shift to soft gradation. This improves 
the high-precision calibration of variations of the light 
receiving devices . 

(22) Simple and high-precision correction is ensured because 
calibration is carried out using the non-exposed part of 
correction image. 
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(23) The amount of correction for the recording 
characteristics of each recording element is obtained based 
on the data selected from a plurality of readout information 
items obtained from the correction image, whereby faulty data 
resulting from the dust, soil and contamination of the 
photosensitive material can be eliminated. This arrangement 
improves the tolerance to the faulty data that may cause 
deterioration of correction precision and brings about 
excellent results of high-precision correction and reduced 
unevenness of density. 

(24) Since the reference for selecting the readout 
information is made clear, excellent results of high- 
precision correction can be obtained easily, and unevenness 
of density can be reduced. 

(25) Since 95% or less of a plurality of readout information 
sets (hereinafter, also referred to as readout information 
items) are used, there is an increase in the percentage of 
excluded data. This ensures improved tolerance to the faulty 
data resulting in deteriorated correction precision. Thus, 
excellent results of high-precision correction can be 
obtained, and unevenness of density can be reduced. 
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(26) High-precision correction is ensured by correction 
calculation using the readout information with fewer 
variations . 

(27) Since the correcting operation based on the exposure- 
amount information and the other correcting operation based 
on the light amount correction coefficient can be conducted 
in parallel with each other, it becomes possible to provide 
image-forming apparatus and methods, which make it possible 
to accurately conduct preparatory operations in a short time 
before full operations such as those correcting operations. 

Disclosed embodiment can be varied by a skilled person 
without departing from the spirit and scope of the invention. 



